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Purposeful Amecdotes 








Fruit Worth Picking Is Worth Climbing For 





ESITATING, 

and with some 

embarrassment, 
he entered the office 
of the manager. 
Fingering his hat in a 
nervous way, he said: 
“I have come to apply 
for the position of chief. 
My twenty years’ ex- 
perience in different 
positions, my faithful- 
ness and loyalty, the 
results I have had in 
handling men, entitle 
me to consideration.” 





Editor of “Power? 
Dear Sir: 


me forcibly. 


Roger Wolcott 


Boston, 


Not very long ago I happened to be in 
the office of a large corporation. The in- 
closed article is a concise record of what 
took place while I was there. 


It way be that there is a little 
lesson in it and of some value to you, either 
in your foreword or columns, 


I must say that the incident struck 


‘““Why—why, I have 
always sent out the 
feed water for analysis 
and treatment,” he 
stammered. “IT am 
not a chemist.” 


SCHOOL 


Maren 260-19" ¢ 


A disappointed look 
crept over the mana- 
ger’s face as he re- 
turned the slip to its 


place. “I'll give him 
another chance,” he 
thought. 
Sincerely Walking over to the 
Talack f Dawmerg— other side of the office, 


Norfoik Ste, Mattapan 


he took down 





some 
corn Instructor in Steam Practice ‘ “e 
Good recommen- mesten Seanad Giesiets Stee. plotted CO, charts. 
dations,’ replied the “Come over and look 


manager in a kindly 





at these. Do you think 





tone, as if impressed 
with the appearance of 
the applicant, “‘and what else might you say?”’ 

Shifting his feet uneasily and unbuttoning 
his coat, the stranger took some papers from 
his pocket and laid them on the desk. 

“Read these,” he suggested. 

The big man’s eyes took a thoughtful look 
out into the plant, as if remembering previous 
applicants for the position. 
will pay $2200 a year. I must have a man 
worth that. Before I look at your papers I 
shall satisfy myself that it is worth my time.”’ 


“This position 


Vigorously swinging his chair, he reached 
into a filing cabinet and drew out a slip. 
“Here,” placing the paper in front of the 
other, ‘‘is an analysis of our feed water. What 
is your treatment?” 


we are getting good re- 
sults?’ The applicant’s 
face now became wrinkled in perplexity. “I 
must confess ignorance as to the purpose of all 
these,” he said. The manager waved his 
hand signifying that the interview was at an 
end. “I am sorry that you have not a better 
idea of what is required of a chief engineer 
nowadays, was all he said. 

The applicant took his papers and departed. 
He never could know how sorry the other 
felt—sorry at the thought of the number of 
men who would work for a pittance rather 
than spend a few hours a week in study. 

The manager stood gazing out into the 
plant, and half wearily shaking his head, 
muttered: ‘Out of thirty men in this plant, 
not one is fitted.”’ 
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Municipal Power Plant Operated by 
Saskatoon, Canada 


By A. 





SY NOPSIS—Saskatoon sells electrical energy on 
a commercial basis. Last year ils plant made 
nearly $40,000, afler all charges were paid. The 
fuel cost is high, but good feed water is available 
for the eight 500-hp. water-tube boilers. Three 
fwo-phase 2300-volt alternators are driven by a 
1:250-hp. compound engine and by 2000- and 3200- 
hw. furbines. 


Parsons The plant also supplies 


500-volt direct current for railway service. 





Saskatoon, a city of about 25,000 population, located 
almost in the center of the province of Saskatchewan, 
vwhs and operates an electric-light and power plant, a 
street-railway system with 15 mi. of track, a water- 
works and sewage system. The main lines of two of Can- 
ada’s new transcontinental rai!tways pass through the city 
and, together with many branch lines, make it an import- 
ant distributing center. The Quaker Oats Co.’s new mill 
and other plants form the nucleus of its industrial devel- 
opments. The new Provincial University of Saskatche- 
wan is located at one side of the city, on the hill above 
the South Saskatchewan River. The growth of the city 
has been phenomenal, for in 1902 it had a population of 
only 130 people. Saskatoon is suffering at present from 
reaction after a real-estate boom and also from the gen- 
eral depression caused by Canada’s participation in the 
war. 

The Saskatoon plant is one of those municipally owned 
utilities that have been operated with a remarkable degree 


*Associate professor of mechanical engineering, Johns Hop- 
kins University. 


G. CHRISTIE* 


of economy. Its operating costs and electric power and 
light rates are worthy of careful study by all interested 
in public ownership. 

The first generating station was located about a mile 
and a half from the center of the town and commenced 
operation in 1908. When the new plant was started in 
1911 this old station had a capacity of 850 kw. Though 
it still contains a 500-kw. engine-generator set as a re- 
serve, it is now used only as a pumping station. 

When the new plant was built two vertical cross-com- 
pound four-valve engines were installed. Later a 2000- 
kw. turbine was added. Then one of the engine units was 
moved to the old plant where it had originally been and 
its place occupied by a second turbine of many times the 
power. When the next demand for increased capacity 
arises the remaining engine must be removed to make way 
for another large turbine. The problem of still further 
power increases thereafter is rather complicated, for the 
site is such that the engine and boiler rooms cannot be 
extended very far in the direction of their length. A 
wing for boilers, at right angles to the present plant, has 
heen proposed, but such a scheme presents difliculties in 
handling coal and ashes. This situation has developed 
through failure to provide for future growth when the 
station was planned. 

The new plant, shown in plan in Fig. 2, is centrally 
located and is on a high bank, about 130 ft. from the 
South Saskatchewan River, which at this point is a large 
stream. The building, Fig. 1, has a structural-steel frame, 
with brick walls and a ferro-concrete roof. The river is 
subject to floods; hence valves have been placed on all 
drains from the plant to the river. 
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SASKATOON STATION BUILT WITH BRICK WALLS IN STEEL FRAME 
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Coal is received on a spur from the adjacent Canadian 
Northern Ry. tracks. Lethbridge black lignite of about 
10,000 B.t.u. per lb. is now being burned. This coal costs 
$4.50 per ton of 2000 lb. at the plant. Before contracting 
for coal tests were made on the boilers, and the fuel 
selected developed the greatest amount of electric power 
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FIG. 2. LAYOUT OF APPARATUS IN SASKATOON 


MUNICIPAL POWER PLANT 
for le. Long hauls and consequent high freight. rates 
prevented the use of some good coals, while others were 
not suited to the furnace and grate conditions. This 
was particularly true of the low-volatile semibituminous 
coals from some localities. This coal does not ignite read- 
ily, and much of it was carried into the ashpit without 
being fully burned. 

The coal as received on the cars is weighed on a 100- 
ton track scale, these weights being taken to govern pay- 
ments. It is then dumped into a steel hopper and passed 
through a Jeffrey roll crusher with a capacity of crushing 
50 tons per hr. from lump size to °4-in. cube. The crusher 
feeds into a bucket conveyor, which elevates the coal into 
four steel bunkers of 500 tons’ capacity suspended above 
the boiler firing aisle. 

The same conveyor receives the ashes from the sloping- 
bottom ashpits and delivers them into either of two ash 
hoppers with a total capacity of 40 tons. From the hop- 
pers they are run by chutes into cars. 

SASKATOON PLANT COSTS FOR YEAR 1914 

Cost per Kw. 


Iir. Trans- 
mitted, 


Total Cost Cents. 

ER re $121,296.68 1.367 
Wages Gow bier 28,972.22 0.326 
Oe rere 2,605.71 0.029 
Oil and waste...... ; 1,110.18 0.013 
Miscellaneous supplies and expense. 2,840.55 0.032 
Maintenance of engines and boilers ; 11,541.90 0.130 
Maintenance of distribution system and are lights 17,595.59 0.199 
Salaries, office expense and bad debts 19,424.56 0.219 
Interest on debentures. . 15,690.22 0.515 
Sinking fund...... 20,983.77 0. 236 
Depreciation. . 29,967.76 0.337 

CRUDE SMES iso oe 5 xuKks auimale $302,029.14 3.403 


The coal passes from the bins into Avery automatic 
weighing scales of 200 Ib. capacity. A scale for each 
boiler supplies exact daily records of all coal burned. 

A fuel laboratory has been equipped at the plant where 
proximate analyses of the coal may be made and its heat 
value determined by a Wright calorimeter. 

Eight 500-hp. boilers are installed in rows of two bat- 
teries of two boilers on each side of the firing aisle. The 
safety valves are set at 165 lb. All the boilers are pro- 
vided with standard superheaters, which can superheat the 
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steam 150 deg. F. Chain grate stokers have been installed 
and may be driven either by a steam engine or by a 
714-hp. variable-speed 125-volt direct-current motor. The 
general arrangement of the boiler room is shown in Fig. 3. 

A CO, recorder is placed in the boiler room to check 
the performance of the furnace. Draft gages are installed 
to indicate the suction over the grates. 

The flue gases pass out into a smoke flue placed directly 
behind the boilers, and then pass through economizers. 
Provision is made, by bypassing the economizer, to send 
One econo- 
mizer consisting of 360 tubes in 40 sections is installed 
for each battery of boilers. 
driven. 

Kach row of four boilers is provided with its own 
induced-draft equipment, consisting of duplicate sets of 
multivane fans. 


the gases direct to the induced-draft fans. 


The scrapers are engine- 


In each set one fan is engine-driven, 
while the other is operated by a 30-hp. induction motor. 
Which set is run depends on the demand for exhaust 
steam. All the induced-draft equipment and flues are 
carried on steel framing above the boilers. Hence the 
stack is very short and projects only about 12 ft. above 
the roof. 








FIG. 3. 


FIRING AISLE IN BOILER ROOM 
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The feed water may be heated in either of two heaters 
It can be pumped to the boilers by either of two vertical 
pumps of 7682 Imp. gal. per hr. capacity each or by a 
duplex pump capable of handling 8000 Imp. gal. per hr. 
The vertical pumps are provided with sheet-metal valves 
on the water end. 
use, 


An injector is in place for emergency 
The feed-water mains to the boilers are 34% in. in 
diameter and also have connections to the economizers. 
A motor-driven centrifugal turbine pump for boiler feed 
has been ordered, but its delivery is held wp by the war. 

A flow meter has been installed on the feed lines to 
record the water supplied to the boilers. Condensed steam 
is used for boiler feed. The makeup water is taken from 
the city mains and contains little alkali and small amounts 
of scale-forming materials. 

The engine room, Fig. 4, contains one vertical cross- 
compound four-valve engine of 1250-hp. at 120) r.p.m. 
A 750-kw. alternating-current generator is placed between 


PRINCIPAL EQUIPMENT OF 

No. Equipment Kind Size Use 
8 Boilers..... Water-tube............. 600-hp........ . Steam generators... .. 
8 Stokers.. . Oe eee .. Boiler furnace 
4 Economizers Tubular................ 360 tubes. Heating boiler-feed w: 
4 Fans.. PROUCOGMGEREE. ww cess sews Producing furnace draft. 
IS fai cg MIM ra ialig a lacs seis. oo toa ig. wee corase, Uaerase, bes su0 6 19s bie Serving boilers...... 
i I I Sgro kara 6-WeG 6-w'e'aceneietelarsin 100 tons. . Weighs coal in cars. . 
1 Crusher..... Single-roll............... 50tons per hr.... With lump coal. . 
PG euGe.... DUGG ico sik occ cece Sas 50 tons per hr.... Handles coal and ash 
4 Bunkers.... ene, Ne 500 tons. . Coal storage 
NEI cS i; MINERS oc Sinresshe nia Kip le cima valatelelaaies . Heating boiler feed-w: 
a are 12,000 1. G. P. H. Boiler-fee ad... ; 
1 Pump...... Duplex, outside plunge r... 8,000I1.G.P.H.. Boiler-feed.. be 
1 Engine... Vertic al c ross-compound. . 1250-hp. ioe . Driving generator. pie 
1 Generator.... Alte tienes : CPAP. ....: .. Light and power peaks.... 
1 Condenser.. Surface i ais se a With compound engine.. 
1 Turbine.... Horizontal-reac tion. . 2000-kw. . Driving generator.... 
1 Generator.... Alternating-current BOGDHEW 0.60... Light and power service. 
RE... I acca cise ects: Ke epeen:s With 2000-kw. turbine. 
1 Turbine Horizonte il reac ction, dou- 

ble-flow. ; . 3200-kw.. Driving generator. ... 
1 Generator.... Alte srnating-c urre MS noe 3200-kw. . Light and power service. 
Ce AR Oe reir eee ere rec With 3200-kw. turbine. 
2 Turbines.... Horizontal-impulse . .. 75-kw Driving exciter. . 
2 Generators.. Direct-current. WO eons Excite main units. 
2 Motors..... Synchronous alterns ating- 

current... . as 300-kw....... Driving generator.... 
2 Generators.. Direct-current. 300-kw......... Street-railway service... 
Fe ee OE er ree . Inengine room........ 


the two cylinders. This unit is now used 
loads. 

There are two Parsons turbines 
1800 r.p.m., installed in 1912, while the second, of 3200 
kw. capacity at 3600 r.p.m., was put in early in 1914. The 
3200-kw. machine is of the double-flow type. 

The 2000-kw. turbine exhausts into a surface condenser. 
A Mullen vacuum pump delivers the condensate to a Lea 


recor ler. 


only for peak 





one of 2000 kw. at 


In this way a continuous check is kept on the 
steam consumption of the turbine. 
a reliable indicator of split condenser tubes. 

The 3200-kw. unit is supplied with a surface condenser, 
with tube banks arranged in the form of a W. The vac- 
uum is maintained by a hydrulic air pump driven by a 
25-hp. induction motor. A condensate pump delivers the 
condensate to the Lea recorder. 

All steam to the heaters 
passed through a Ross filter to remove any oil or solid 
material. The condenser circulating water is furnished 
by two centrifugal pumps, placed the well in a pump 
house on the river bank, directly across the street from the 
power house. One of these has a capacity of 4200 Imp. 
gal. per min., while the other can handle 3000 Imp. gal. 
per min. against a 70-ft. head. Both are of the double- 
inlet type, driven by induction motors. ‘Two motor-driven 
pumps of 1000 Imp. gal. per min. capacity, operated in 
series, are placed in the well as reserves. 

The discharge from the pumps is conveyed to the con- 
densers through 18-in. cast-iron pipes placed in a well- 


The recorder is also 


condensed before going is 
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built tunnel connecting the pump house and power plant. 
The outflowing water from the condensers leaves through 
a similar pipe laid in the ground outside. A connection 
with the city water mains is used as a circulating water 
standby. 

The steam-operating conditions in the plant are 150-lb. 
steam pressure, 100 deg. F. of superheat at the throttle 
and 281% in. of vacuum referred to a 30-in. barometer. 

The main generators are 60 cycle two-phase 23 


300-volt 
alternators. It seems that the original units installed 


the old station were two-phase alternators. A great mis- 


take was made in not changing over to three-phase when 
the new station was built. It would have been compara- 
tively simple to make the change at that time. 

Two 300-kw. 720 r.p.m. motor-generator sets, consist- 
ing of a synchronous motor and a 500-volt direct-current 
generator, are installed in the engine room between the 
two turbines and supply power for the street railways. 


POWER PLANT 
Operating Ccnditions 
165 lb. pressure, 150 deg. superheat. 
Engine or mctor- ‘ive n. Ltd. 
Heated by flue gase: s from boilers. .. Green Fuel Economizer Co. 
. Two engine-driven, two motor-driven. B. F. Sturtevant C 
B. F. Sturtevant Co. 
Fairbanks Morse Co. 
Jeffrey Mtg. Co. 
Babeock & Wilcox, Ltd. 
Babcock & Wilcox, Ltd. 
. Harrison Safety Boiler Works 
G. & J. Weir 
John MeDougal Co. 
Robb Engine Works 
Canadian General Electric Co. 
C. H. Wheeler Mfg. Co. 
Allis-Chalmers Co. 
Allis-Chalmers Co. 
C. H. Wheeler Mfg. Co. 


Maker 
Babcock & Wilcox, 
Babeock & Wilcox, 


Ltd. 


iter.. 


Reccives exhaust from all auxiliaries 
Sheet steel valves on water end. . 


vater.. 


Conde snsing, 120 r.p.m. 
2300-volt, two-phase, 60-¢ ye ‘le, 
Has F: airb: inks vacuum pump. 
Condensing, 1800 r.p.m. . 
2300-volt, two-phase, 60-cycle, 
Has Mullen air-pump..... 


120 rp. Mm... 


1800 r.p.m 





Condensing, 3600 r.p.m. 
To two-phase , 60- -cycle, 
as Leblane air -pump ae 
he -ondensing, 2400 r.p.m 
. 125-volt, 2400 r.p.m. 


3600 r.p.m 


2300-volt, two-phase, 


60-cycle, 720 r.p.m. 


Westinghouse Machine Co. 
Westinghouse Machine Co. 
Westinghouse Machine Co. 
Allis-Chalmers Co. 
Allis Chalmers Co. 


Canadian Westinghouse Co. 
Canadian Westinghouse Co 


500-volt, 720 r.p.m....... 

Excitation is furnished by two 75-kw. 125-volt gener- 
ators, driven at 2400 r.p.m. by impulse turbines, which 
exhaust into the feed-water heater. A motor-generator 
exciter set has been ordered, but its delivery is held up by 
the war. 

The switchboard, which is on the engine-room floor, is 
made up of several types of panels and instruments for 
the 2500-volt alternating-current the 500-volt 
railway the 125-volt exciter-busbars. This 
equipment will soon be superseded by a complete new 
hoard, already ordered, which will be placed in a new 
annex behind and above the location of the present board. 

The rectifiers and regulators for the street are lighting 
are housed in a small addition at the end of the engine 
room. <A transformer station has been installed at the 
pumping plant, where the voltage is raised for transmis- 
sion to the new Dominion Government elevator, west of 
the city. Three single-phase 2300- to 11,000-volt 60-evele 
100-kw. transformers have been installed. The pumping 
station and filter plant are now supplied throughout with 
motor-driven centrifugal pumps. 
are held in reserve. 


circuits, 
service and 


The old steam pumps 


The total cost of the power plant, including buildings 
and machinery was about $570,000, The total expendi- 
ture for the complete lighting and power system to Dee. 

1914, amounted to about $1,300,000, all of which was 
raised by city debentures. 

Of the 18,220 tons of 
third came from Ohio, 


1914 one- 
Mountain 


eoal burned during 


one-third was Rocky 

















May 2, 


1916 


semibituminous and the remainder black lignite from the 
Lethbridge district. 
The coal consumption per kilowatt-hour transmitted from 
the plant was 4.11 Ib., giving an average fuel cost per 
kilowatt-hour of 1.367e. 

The total energy generated in 1914 was 9,716,142 kw.- 
hr. Of this quantity 8,873,642 kw.-hr. was transmitted, 
and the rest, 843,500 kw.-hr., was consumed in the plant 
itself. The 


The average cost was $6.66 per ton. 


service meters registered 7,966,920 kw.-hr. 
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mand consumed 1,160,920 kw.-hr. in 1914, and the City 
Council granted him a special rate of 114c. per kw.-hr. 
The current 
metered on the low-tension side of the high-voltage trans- 


Dominion Government elevator has its 


formers and is given a 2e. These low rates were 
quoted to build up the load and to encourage industrial 
development in Saskatoon. 

The Electric Power Department is in charge of E. Tan- 
son, who was chosen electrical engineer by the City Coun- 


rate. 
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FIG. 4. TURBINE AND ENGINE ROOM, 
The distribution loss was therefore 906,722 kw.-hr., or 
11.57 per cent. of the power accounted for by the service 
meters. 

The city’s electric light and power operating account for 
the 
Results obtained during the first 
five months indicate that the fuel cost for 1915 will be 
reduced from the 1914 figures, 1.367c., to about le. per 
kw.-hr. 


191f has been regrouped into the figures given in 


accompanying table. 


For the whole vear the average costs per kilowatt- 
hour of energy generated, transmitted and metered were 
3.11, 3.403, and 3.795. respectively. The corresponding 
revenues were 3.51, 3.84 and 4.28e. The Electric Power 
Department made a profit for the year of $38,598.94, 
This was transferred to the general revenue account. 

There is no service charge for electrical demand, hut the 
city requires deposits on all meters installed. There is 
a mininum monthly charge of $1 for lighting and $2 
for power service, The lighting accounts are subject to 
a 10-per cent. discount if paid in 10 days from the date 
of billing. All charges for service are made monthly. 
The lighting rates are 8c. per kw.-hr. for the first 100 
kw.-hr., 7e. for the next 50 and 6c. for all over 150 kw.-hn 
per month. 


The power rates are 5.4e. for the first 750 kw-hr., 3.25e. 
for the next 2250, 2.34¢. for the next 1000, and 2e. for all 
energy over 4000 kw.-hr. per month. 
sold at 4c. per kw.-hr. 


Domestic power is 
One customer with a 24t-hr. de- 


WITH 


TURBINE-DRIVEN EXCITERS AT LEFT 
ee 


made under his direction. 


ell in The recent improvements in the plant have 
Credit 


to the assistant electrical engimeer, J. 


is due to him, 
Rt. Cowley, and to 
Cutting, for much of the 


been 
the plant’s chief eng@imeer, C. A. 
information in this article. 


Measuring Circles amd Spheres 


The measurements of circles and spheres may be memorized 
with 


diameter of the 


readily by associating them squares and cubes corre- 


sponding to the circle (to be termed D in 
each figure) For example 
The distances 


i x 4, 
is equal to ID 


around a square figure is equal to one side 


while the distance around (circumference of) a circle 


3.1416 (instead of 4). 


The area of the square D?, or (%D)"° & 4, while the area 
of the corresponding circle D? & 0.7854, or (%D) 3.1416 
(instead of 4 as in the other case). 

A cubical figure has an external area equal to the area of 


one side multiplied by 6 (having 6 sides), while a sphere’s 
surface equals the area of its great circle times 4 
The volume of a cube I’ (distance in three directions 


multiplied together) and that of a sphere 
3.1416 


DD? x 0.5236, or D5 


CIRCLE 
: Circumference Diameter 
Diameter x 4 


‘ir 3.1416 
Area ID or (1D) x 4 Area D 0.7854, or (%D) 
xX 3.1416 
CURE SI HERE 
Ares Area of cirele xX 4 
Aren Arena one side 6 Volume I”* xX 0.5236, or 
Volum ) , 3.1416 
, 


6 
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Diesel-Engine Operation at Palo 


Alto Municipal Plant 





SYNOPSIS—Abstract from the report of the city 
engineer giving the results of the year’s opera- 
tion. The Diesel unit has shown marked economy 
over the steam plant, and is in almost continuous 
operation. About the only trouble experienced 
has been an occasional sticking of the pistons, due 
probably to imperfect combustion when operating 
on light loads. 





The City of Palo Alto, Calif., a little over a year ago 


installed a 450-hp. Koerting Diesel engine in its muni- ’ 


cipal power plant.'| This station furnishes electric light, 
heat and power throughout the community, totaling 
about 1,500 active commercial connections; it also sup- 
plies service for the municipal water-works and for motor 
operation at the garbage incinerator. The yearly output 
approximates 1,140,000 kw.-hr., with an average peak 
load of 360 kw.; the average load factor is about 40 per 
cent. Prior to the installation of the Diesel engine, the 
station equipment consisted of four noncondensing steam 
engines of 800 hp., total, operating four 60-cycle two- 
phase alternating-current generators, with an aggregate 
capacity of 485 kw. 

The Diesel unit, installed to replace one steam engine 
and increase the capacity of the plant, was placed in 
operation in December, 1914, to carry the main load 
under 24 hr. service, and has since been operated almost 
continuously. During this time the fuel-oil cost has been 
reduced from $12,000 to $6,000 a year, while tests show 
that the actual fuel cost of operating the unit is about 
two mills per kilowatt-hour. 

With this indication of economy in operation, the ac- 
companying data, based upon a recent report of J. F. 
Byxbee, Jr., city engineer, covering the first year’s service, 
sets forth various important features of the performance 
of the Diesel engine. The efficiency attained during 
the period shows the possibilities of such a prime mover 
for electric-power installations to render service to com- 
munities of this character. 


FurL Usep ANd EcoNoMY OBTAINED 


The fuel used, obtained from the Richmond, Calif., 
section, is the same as burned under the boilers in the 
steam plant, with composition about as follows:  Spe- 
cific gravity at 15 deg. C., 0.95; Baumé equivalent, 15.9 
deg.; water and dirt, trace; sulphur, 0.776 per cent. ; 
heat value, 18,000 B.t.u. 

In Diesel engines using the needle type of injection 
valve it would be difficult to use this fuel successfully, 
but with the open type of injection valve adopted in the 
Koerting engine, the oil is handled readily, especially 
when heated to the point of easy flow. In this injector 
the oil is pumped under low pressure into a receptacle 
behind a check valve separating it from the cylinder. 
At the proper time high-pressure air is admitted to this 
chamber and blows the oil through the check valve and 
a nozzle on the end of the injector into the cylinder; 

See “Power,” Apr. 13, 
this engine 





1915, for complete description of 


here it is immediately ignited by the high temperature 
of the air compressed in the cylinder. 

The fuel-oil tank is jacketed with hot water, also the 
fuel-oil pipes leading from the tank to the injectors; 
the water supplied to these jackets is warm water taken 
from the cylinder jackets. 

It is necessary to use a light oil, such as Calol fuel 
oil of about 24 deg. Baumé when starting the engine 
cold. 

During the acceptance tests made by R. E. Mathot, 
at Hanover, Germany, with Richmond fuel oil of 17,741 
B.t.u. low-heat value, the following results were obtained : 
At full load, 0.588 Ib. (0.0492 gal.) per b.hp.-hr.; at 
three-quarter load, 0.385 Ib. (0.0487 gal.) per b.hp.-hr. ; 
at one-half load, 0.439 Ib. (0.0556 gal.) per b.hp.-hr. 

In the regular operation of the plant the engine gives 
from 9 to 12 kw.-hr. per gallon of fuel oil at the switch- 
board, depending upon the load conditions during the 
time the measurements are taken. This is equivalent to 
about 0.52 to 0.45 lb. per b.hp.-hr. 

The station economy in kilowatt-hours output per gal- 
lon of fuel oil, taken month by month since the installation 
of the unit, up to August, 1915, is as follows: 


Kw.-Hr. 
per Gal. 
Month of Fuel Oil 

Deters mstasee Tesel CUMMINS So a.6.5 isk. cc kee ccnesics veesecnee 1.75 
December. . PSEA, Pal aR AOR O ERE eS ee RAR IE. O EY aaa pee 3.39 
Me Aaa Dae Var td eee Na nko onctecahy. = eseseaerd, oles Aims lea zl sable taba se fasta tno sore 4.21 
NE rs ete I as ra eri. ang mA se le Baa A APE ARIE PERNA 3.55 
IB et ocr ae te ea en AC Rate raee Soran Cer 3.78 
RU eye er rev Re ok: Bers ccc 38 cus Savana oly wre mre He Saka ANGI 4.08 
ar CE re MS ifs Hc male and, ase ae aier ate kiaseca tooth aro 4.60 
RS Corns ene Ret ry tse ge Sn SG 9! Sutra greny pre are hacw saa 5.58 
es eh GE CD PE Lh ee i ed Dag cia oe 5.49 
August...... 5.10 


The reason that the station economy compares rather 
unfavorably with the Diesel-engine economy is due to the 
fact that one or more of the boilers is maintained under 
pressure at all times to hold the steam plant ready to 
take the load should anything happen to the Diesel unit, 
and also to have available at any time additional power 
for a sudden increase in the load or to furnish steam 
for the steam fire pumps; additionally, the operation of 
the steam engine for two to four hours over the peak 
load each evening cuts down the station economy mate- 
rially. 


LUBRICATING O1L AND CooLInGc WaTER 


The crankshaft and connecting-rod bearings of this 
engine are lubricated by an oil-circulating system con- 
sisting The 
reservoir is filled with oil that overflows from the cylin- 
der and piston lubrication, and with filtered oils. The 
camshaft bearings all have reservoirs and ring oilers, 


of a pump, reservoir, cooler and strainer. 


and all gears run in oil, so that it is seldom necessary 
to give these parts any attention. An average of 5 gal. 
per day of lubricating oils, including that for the air 
compressor is used, costing about 35c. per gal. The 
entire cost of lubricating oil required for the station has 
increased approximately $10 per month since installing 
the Diesel engine. 

About 2,000 gal. of water per hour is used for cooling 
the engine, this figure varying considerably with the load. 
Water waste is reduced by using a small cooling tower. 
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The pump for this circulating-water cooling system 
requires 1.66 kw., or about 1,200 kw.-hr. per month. 
The station uses approximately 275,000 gal. per month 
less for operation since the installation of the Diesel 
engine. At 12c. per 1,000 gal. for the water, and allow- 
ing le. per kw.-hr. for electric energy used in the cir- 
culating-water system, the water cost to the station is 
about $21 less per month than formerly. 


Suppiies, ReEPaArrs AND CLEANING 


Up to this time the cost for miscellaneous supplies, 
such as packing, waste and other minor materials, has 
been lessened since the installation of the Diesel unit. 
Such an engine practically eliminates packing, as most 
of the joints are ground and there are no stuffing-boxes 
of any considerable size or importance. There are a 
few copper-asbestos gaskets, but these are small and long- 
lived, so their cost is insignificant. 

Beyond the cleaning of exhaust valves, cylinders and 
pistons, repairs on the Diesel engine have been quite negli- 
gible. Up to the present time the worst trouble appears 
to be that of keeping the pistons clean enough to operate 
without sticking in the cylinders. A practice has been 
adopted of removing and cleaning each piston once every 
four weeks. While instructions for the engine state that 
the pistons should be cleaned about once every three 
months, depending somewhat upon the nature of the 
fuel oil, the experience has been that the engine would 
not run for that length of time without cleaning. 

As the engine is of the horizontal type, it permits 
of easy withdrawal of the pistons. Four men can with- 
draw, clean and replace the four pistons in less than 12 
hr. It is the practice to shut down the engine about 8 
hr. each week to clean one piston and two exhaust valves, 
and such other work as may seem necessary. Besides 
this work the record for repairs, including the month of 
August, is as follows: 


Hours 
Out of 
Time Service Trouble 
ere 3 Injection vaive stuck 
Dec. 7, 8, 9. 72 Broken gear in lubricating pump 
e6. 71, 12.. 28 Changing air inlet to air compressor 
anee, BG, Bese. s< 24 Piston No. 2 stuck. Taken out and cleaned 
2 . eee 18 High-pressure piston rings of air compressor 
worn out 
Serre 20 Piston No. 4 stuck; engine cleaned 
Ne RR 9 False head of No. 3 piston renewed 
Mar. 37... ; 3 Broken valve in low stage of air compressor 
May 3. : : 8 Lubricating-oil pipe stopped up 
July 18, 96 Piston No. 3 stuck; engine cleaned 


19, 20, 21... 


Aug. 16.... 3 Valve in high stage of air compressor stuck 


No particular trouble has been experienced with the" 
high-pressure air system. The valves, fittings, piping 
and air compressor seem to be capable of withstanding 
high pressures. The injection pressure is often main- 
tained at 1,050 lb.per sq.in., although at low loads it is 
generally reduced to 900 Ib. No soot has accumulated 
in the mufflers or exhaust pipes. 

Between Dee. 1, 1914, and Sept. 1, 1915, the Diesel 
engine has operated 5,980 hr., or 91 per cent. of the 
total time. Of the period the engine was shut down, 
312 hr. was for the regular cleaning periods, and 284 
hr. for repairs and extraordinary cleaning, as noted in 
the foregoing table. 

The regulation of the unit under ordinary load 
conditions has been found very satisfactory—even better 
than that of the steam engines at the plant. Not the 
slightest difficulty has been encountered in operating the 
Diesel-engine generator in parallel with any or all of the 
other steam-driven generators. 
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The operating force at the station is the same as before 
the Diesel engine was installed. The steam engineers 
apparently had no difficulty in handling this new type 
of machine, although the Diesel engine requires closer 
attention than a steam engine. 

At this station the Diesel engine is started and the 
load taken on in about three minutes. Since operating 
the unit, it has stopped on five different occasions so 
suddenly as not to give sufficient time to transfer the 
load to some other machine. In three cases this sudden 
stoppage was due to the sticking of the pistons, once 
through the sticking of the injection valve, which let 
the high-pressure air out of the tanks, and once because 
The 
Diesel engine does not seem to act as well as the steam 
engine when frequent “shorts” 


of the sticking of a valve in the air compressor. 


occur on the line, which 
cause the load to be suddenly released or put on. 

It is estimated that the Diesel unit installed at this 
plant should last twenty years if it is given good atten- 
tion. The design of this particular type is very liberal 
and all parts run smoothly. Of there will be 
replacement of parts and cylinder liners required, but 
from the present indications this work will not have to 
be done often, so the repair expense should not be heavy 
even after a long period of service. , 
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Explosion of a Firing Tool 


Herewith is reproduced a photograph of a firing tool 
It appears that in the Manchester dis- 
trict, and it may be in others, boiler-firing tools are often 


} « ) 


which exploded. 


made in three pieces, the ends 
being solid and welded to a 
central length of iron piping. 
The tool is considerably lighter 
than if solid throughout and 
is amply strong when used as 
a rake or slice. The pipe from 
which the tool in question was 
made was of a rather poor 
quality of iron. It was 1-in. 
diameter inside and about I 
in. thick. The handle 
was about 18 in. long and also 
the slicer end, so that with 5 
ft. of piping the total length 
was about 8 ft. 


solid 


It is stated that the explo- 


sion was a violent one and 
occurred during the actual 


Unfortu- 
nately the man who was using 


slicing of the fire. 


the tool was badly shaken and 





somewhat burnt, and as there 
may be many other hollow fir- 
ing tools of the same type in 


EXPLODED . : : 
use, it is that this 


FIRING TOOL ‘ 
desirable 


extraordinary accident should be made known. 

Two or three theories have been put forward as to the 
cause, but the most feasible seems to be that the tube was 
burst by We understand that the tool 
had recently been repaired, and it is possible that when the 
welding, say of the pointed end, was done a minute hole 
or crack remained in the tube, and as the tool was prob- 


steam pressure. 








612 


ably put into water after the welding, a partial vacuum 
would be formed in the tube on cooling, so that water 
would be drawn in. The small opening which admittea 
the water would shortly be sealed by rust, so that when 
the tool was heated during the stoking operation steam 


& 


POWER 





Vol. 43, No. 18 


would be formed and a dangerous pressure rapidly accu- 
mulated. Obviously the drilling of a few holes at the 
handle end of the tube would have prevented the accident, 
and it would be well to have all such tubular firing tools so 
treated.—* Vulcan.” 
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Producer Operation and Testing 


By A. A. Porrrer* 





SY NOPSIS—Notes on the selection of fuels for 
a producer and the conditions and items essen- 
tial to making a test, 





One of the most important factors to be considered 
in the selection of a gas-producer fuel is its volatile con- 
stituents. The fuel that produces tar and lampblack in 
large quantities will require an elaborate scrubbing sys- 
tem and will increase the operating expenses in connection 
with the upkeep of engines and pipe lines. For this 
reason producers burning oil fuel are but little used. The 
amount of tar-forming gases is small with anthracite coal, 
greater with lignites and most objectionable with bitu- 
minons, 

The kind of ash is also of importance. If the ash 
fuses or fluxes to a clinker, the proportion of steam to 
air in the blast must be increased to reduce the tempera- 
ture of the fuel bed. This decrease in temperature re- 
duces the formation of the combustible carbon monoxide 
(CO) in the producer, If too much steam has to be used, 
the percentage of hydrogen will decrease the safe com- 
pression pressure when the gas is used in an internal- 
combustion engine. 

Clinker formation is also serious because it obstructs 
the gas passages, requiring increased blast pressure to al- 
low the air to pass through the fuel bed. With the 
increased resistance through the fuel bed, the blast will 
scale the walls and cause blow-holes in the fire bed, thus 
increasing the amount of CO, in the gas and reducing 
the efliciency of the producer. Increasing the draft means 
also greater cost for driving the fan and a reduction in 
the capacity of the producer. Greater trouble from clink- 
ering is usually encountered with anthracite than with 
bituminous coals, unless the latter is rich in sulphur (in 
the form of iron pyrites). Even conditions during pro- 
ducer operation and careful poking will reduce the diffi- 
culties from clinker. 

The size of coal has considerable influence on the etti- 
ciency and capacity of a gas producer. If the coal is 
too large, too little surface is offered for gasification and 
the ratio of carbon monoxide to carbon dioxide in the 
gas is reduced, resulting in a lower efficiency of the pro- 
A nut size of bituminous coal is best while the 
pea-size anthracite gives good results. Tf the coal is too 
fine, the resistance through the fuel bed is increased, 
requiring greater blast pressure, and this reduces the 
capacity of the producer. 

Dry filters, consisting of layers of iron filings and wood 
shavings, are satisfactory for removing sulphur from 
producer gas, but the filings must be changed frequently, 
if the coal contains more than two per cent. sulphur. 


ducer. 





*Dean of the engineering division and professor of me- 
chanical engineering at the Kansas State Agricultural College. 


The grate area, the rate of gasification and the depth 
of the fuel bed are affected by the character of the fuel, 
the lower-grade fuels requiring a larger grate area, slower 
rates of gasification, and deeper fuel beds. With bitu- 
minous coals a rate of gasification of about 8 Ib. of coal 
per square foot of grate surface will give good results. 
For best operation the blast of the mixture of air and 
steam should be admitted so that it will come in direct 
contact with the incandescent fuel bed and 
uted over the whole area of the bed. 

A deep fuel bed is essential for the proper reduction of 
carbon dioxide to carbon monoxide and for the production 
of uniformity in the calorific value of the gas, with rapid 
load fluctuations. Irregular charging and variation in 
the ratio of steam to air in the blast will cause fluctua- 
tions in the quality of the gas. A producer bed in the 
best condition should have a uniform red temperature ; 
bright spots in the bed indicate the presence of blow- 
holes. In the operation of producers it will be noticed 
that the blast will tend to produce a more rapid burning 
of the walls. This, and the occurrence of blow-holes, 
should be avoided by careful poking. 


be distrib- 


Dara Necessary TO Fixnp Propucer Errictency 

To ascertain the efficiency of a producer, these data 
must be obtained—the quantity of fuel used, the amount 
of gas generated, the calorifie value of the fuel and that of 
the gas. The calorific values of the fuel and of the gas 
can be easily obtained by constant volume and by constant- 
pressure calorimeters, respectively, but difliculty is experi- 
enced in determining the amount of fuel used and the 
volume of gas generated. 

The difficulty in measuring the quantity of coal arises 
from the fact that the coal gasified is not the same as 
the coal fired. Experiments with a bituminous coal pro- 
ducer at the engineering laboratories of the Kansas State 
Agricultural College show that it takes, during continuous 
operation, 10 to 20 hr. for each charge of fuel fed to 
the producer hopper to reach the ashpit. For boiler 
tests the standard codes specify 24-hr. tests to reduce the 
error in fuel measurement to a minimum. Since it takes 
only about half an hour to burn the charge of coal in the 
boiler furnace, evidently producer tests to be of any value 
should be several hundred hours long. It has been ree- 
ommended that the length of a producer test should be 
such that the total consumption of the fuel should be at 
least ten times the weight of fuel contained in the pro- 
ducer when in normal operation. This specification for 
the length of a producer test does not seem to be definite. 
The duration of a producer test should be at least equal 
to 25 times the length of time the fuel remains in the 
bed of the producer. The results of producer tests of 
2 to 8 hr. duration have appeared in print from time to 
time, but they are of little value. 
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Great difficulty is also experienced in measuring the 
quantity of gas generated. Wet station meters are bulky 
and expensive; they have also a tendency to absorb some 
of the gas. The author has used various forms of pitot 
tubes with little success. The venturi tube seems to be 
the best type of meter for measuring large volumes of 
producer gas, but in using it care must be taken that the 
tube is clean. Deposits of tar or moisture in the tube 
will reduce its accuracy. 

The correct ratio of steam to air in the blast of a pro- 
ducer has never been determined correctly. 
menters do not take into consideration 
of the air mixing with the steam. 
differs with the load. 
scrubbers and other auxiliaries should also be determined 
in a complete test. 

Some form of continuous gas calorimeter proves very 
useful in the testing as well as in the daily operation of 
gas producers. 


Most experi- 
the saturation 
This ratio naturally 
The power consumed by fans, 


The gas samples should be taken at a 
point in the main sufficiently removed from the producer 
The ratio of CO to 
CO, in the gas is also of considerable value in indicating 
the proper working condition of a producer, A ratio of 
7 to 10 per cent. CO to 1 per cent. CO, indicates good 
producer operation. 

Both proximate and ultimate analyses of the coal are 
A careful quantitative analysis of the 
should also be made, as this will prove a check on the 
fuel measurements. 


to guarantee proper gas conditions. 


desirable. 
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Two Five Thousand Tom Coal 
Storage Lquipments 
By Henry J. EpsAuu* 


The value of an adequate coal storage in connection 
with a power plant is coming to be appreciated more and 
more. <A reserve storage of this kind is a valuable insur- 
ance against the closing down of the plant and also has 
several other advantages, among which are the possibilities 
of more advantageous purchasing of coal and the saving 
in the cost of handling with the aid of a proper equipment 
for the conditions obtaining. 


*Engineer with the Link-Belt Co. 
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Many engineers do not, however, appreciate that the 
improvements in mechanical equipments have placed the 
methods of handling and storing coal far in advance of 
the older ones, such as the railroad trestle or the lowering 
of the boiler-room floor and the use of vaults underneath 
the railroad track or below the ground level. With a 
mechanical equipment the coal can be placed right where 
it is most convenient, piled to the most advantageous 
depth, and the machinery can be arranged to handle from 
In addition 
to this, the mechanical equipment is likely to be the cheap- 
est in first cost. 


storage as well as into storage if desired. 


In the two reserve-storage equipments illustrated, 5,000- 
ton plants have been selected. In one simplicity, low 
first cost and ease of operation are the prime considera- 
tions, but no provision is made for reclaiming the coal. 
In the other it is assumed that the reserve storage will 
be called on more continuously, so that it is advisable to 
he able to take the coal out of storage with the machinery 
as well as to put it in. 

The former equipment, illustrated in Fig. 1, is suitable 
especially for a small plant where the coal supply is irreg- 
ular; for instance, on a branch railroad that might get 
snowbound in winter or where there is no railroad at a 
plant and the coal has to be hauled some distance and 
a large enough supply stored in the fall to last through 
most or all of the winter. A plant of this kind is also 
a good type where the reserve storage is used almost solely 
as an insurance to protect the plant from having to close 
down and will be called on only at infrequent intervals. 

The machinery for this plant consists of a fixed chain- 
and-bucket elevator with a steel casing, and a flight con- 
veyor arranged so that it can be rotated around a pivot 
point close to the elevator. The coal is dropped from 
bottom-dump railroad cars or from wagons or trucks into 
a hopper that serves to direct it into the boot at the foot 
of the elevator. The buckets then take it up and de- 
liver it to the flight conveyor, which distributes it in the 
pile on the ground, covering the whole area over which 
the flight conveyor rotates. 

The machinery for such an arrangement, including the 
motor for driving, can be purchased for about $3,000, and 
it would cost about $700 to erect. In addition to this 
there would be the cost of the concrete work and excava- 


tion, amounting, to say, $800. ‘The two motors required 
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EQUIPMENT FOR SMALL PLANT FIG. 2. LOCOMOTIVE CRANE AND BUCKET 
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a total of 1214 rated hp., so that an hour’s run should 
not cost over 30c. for power, and as it requires only one 
man of ordinary intelligence and no special training to 
start and stop the machinery and feed coal to it, the hourly 
cost for this man should not be over 20c. This makes a 
total of 50c. per hr. for power and attendance, and as 
the capacity of the machinery is 40 tons per hr., it should 
be easy to handle an average of 25 tons per hyr., or at 
the rate of 2c. per ton. This equipment is simple and 
therefore easy to look after and inexpensive to maintain. 
As stated, however, the stored coal has to be reclaimed 
by hand, so that if a great deal has to be taken from 
the storage pile each year, it is better to put in an equip- 
ment that will cut down the expense of doing this work 
even though the first cost is greater. 

The arrangement shown in Fig. 2 consists of a loco- 
motive crane set up on a concrete pedestal and equipped 
with a self-filling grab bucket. This bucket picks the 
coal out of a pit into which it is dumped from the rail- 
road cars and drops it into any part of the area covered 
by the swing of the boom. In the same way the bucket 
can be used to pick up the coal from any part of the 
pile and deliver it alongside the boiler-room wall or 
into an overhead bin or hopper if desired. The cost of 
the locomotive crane and bucket would be about $4,500 
and the cost of erection about $300. The concrete ped- 
estal and the pit for the crane to dig from would cost 
somewhere around $800. This makes the total cost for 
the equipment about $5,600 against the total of $4,500 
for the other equipment described. The crane also re- 
quires a much larger motor (about 50 hp.), but it is not 
running continuously when the machine is in service like 
that with the other equipment. 


CoMPARISON OF OPERATING CosT 


The operating cost of the crane would be about 30c. 
per hr. for power, 35¢. per hr. for the operator and, when 
unloading cars, 15¢e. for the man who helps the coal 
out of the cars into the pit, or a total of 80c. per hr. 
It is possible to unload coal direct from some kinds of 
railroad cars with a grab bucket, but this is not very 
satisfactory except with a specially designed car. It is 
impossible to get the coal out of the bottoms of the usual 
hopper-bottomed coal cars as the crossbraces are in the 
way and they and other parts of the car are apt to get 
battered up and cause damage claims. At best there is 
a great deal of cleaning up necessary to entirely empty 
a car, and this requires a man besides the operator, so 
that it is usually better to use a pit into which the coal 
is dumped from the cars. 

The hourly cost for handling would therefore figure 
about 80c. per hr. for the crane outfit and about 50c. 
per hr. for the other arrangement, but the former would 
probably be able to handle the coal somewhat more rapidly 
if the speed was not cut down by the rate at which it 
was fed from railroad cars into the pit. When handling 
back from storage, where there is plenty of coal for the 
bucket to dig into, the crane would probably be able to 
handle 60 or 70 tons per hr. and an additional man would 
not be required. Another point to consider is the fact 
that the crane operator’s pay is considerably more than 
the other operator’s, so that if the coal-handling machin- 
ery is used for only a small part of the time, it might 
be much harder to make advantageous use of the expen- 
sive operator for the balance of the time. 
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V-Notch Meter Flow Indicator 


An improvement in the recorder head of the Hoppes 
V-Notch meter, made by the Hoppes Manufacturing Co., 
Springfield, Ohio, has been added in the shape of a flow 
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METER RECORDING HEAD 


indicator on the integrating side of the head, as shown 
herewith. This device permits of reading the rate of 
flow from a distance instead of from the chart, which 
necessitated getting a near view of it. 
m 
MNeeping Tabs im the Fifth 
Avenue Building 
By Crarves I. Bromiey 

On the opposite page are shown some of the record 
forms used in the Fifth Avenue Building, Fifth Ave. 
at ‘Twenty-third and Twenty-fourth St., New York City. 
The chief engineer, David Larkin, is also superintendent 
of the building. 

One of the engineers’ operating reports is filled out by 
each watch engineer. The length of time each boiler, 
engine, pump or other apparatus is run on a watch is 
indicated by drawing a horizontal line from the hour it 
was started, or from the beginning of the watch if run- 
ning when the engineer came on duty, to the hour stopped 
or to the end of the watch if still running when the 
engineer went off watch. The engineers’ report, second 
from the top of the page, is made out by the chief engi- 
neer and may be rendered weekly or monthly. As shown, 
it includes about all the important information needed. 
And that is the most desirable thing in a report sheet—- 
to contain the items of usefulness and nothing more. 
The fuel used is soft-coal slack bought in cargo lots and 
stored in a bin under the Twenty-fourth St. sidewalk. 
It is burned on side-feed stokers. 

In a building so large many elevators are necessary— 
19 here, not counting the lifts. They are all electric. 
The time that each is in service is indicated by a hori- 
zontal line drawn under the number of hours run, the 
same as for the boilers, engines, ete. This report form 
explains itself. 
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A coal and ash report from the boiler room is made out 
weekly. Notice that apparently two kinds of coal are en- 
tered. The “pit? coal is that combustible which falls 
through the stoker grates and is reclaimed. The quality 
of coal runs uniform; the ash cans are calibrated and each 
is known to hold so many pounds. This coal and ash 
report is shown in the lower left corner. Below it is the 
form used by the engineers for taking meter and other 
readings. The oil and grease report is shown. 

fach tenant has an electric meter, and a file card 8x5 
in., like that shown in the lower right corner, is made 
out for each. This card is good for a full year except 
when moving in and out compels filling it like the one 
shown. Complaints about the meter, repairs to it, etc., 
are entered on the back of the card. 

Complaints to the engineer’s office from tenants’ or 
other offices are received by the telephone operator, who 
transcribes them on a telautograph machine. The ma- 
chines in-the engineer’s office and in the mechanics’ and 
plumbers’ shops electrically write out the orders and 
complaints, also the time. When these are attended to, 
the engineer’s clerk checks them off on the roll on which 
the day’s orders are registered. 





Motors and 





SYNOPSIS—An analysis of the various losses tn 
a motor or generator and how to determine them ; 
also typical curves showing how some of these 
losses vary with the load. 





In the conversion of power from one form to another 
the output, or that available for the production of work, 
is always less than the input. The power lost in con- 
version manifests itself in some form that cannot be 
imade useful and depends on the agency employed in 
making the change. The electrical power supplied to a 
motor is converted into mechanical power at the shaft, 
and the mechanical power employed to drive a generator 
is converted into electrical power and delivered at the 
terminals of the latter. In either case, however, the 
output is less than the input; the losses that make up 
the difference between the two manifest themselves in 
the form of heat in the various parts of the machine 
and are finally dissipated into the surrounding air. 

The direct method of arriving at the losses in a motor 
or generator would be to measure the input and output 
and subtract the latter from the former. The input to 
a motor and the output from a generator are easily 
determined, being simply the product of the volts and 
amperes in either case. The motor output and the 
eenerator input, however, are not so easily determined. 
The former may be measured electrically by using the 
motor to drive a generator and measuring the output 
of the latter. The generator losses must be known, 
and these added to its output give the output of the motor, 
The motor output may also be determined mechanically by 
means of a prony brake, in which case the brake horse- 
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In the engine room, in your line of vision as you go 
to or come from the engineer’s office, is a blackboard 
with columns for “name,” “floor,” “room” and ‘“‘remarks.” 
When the steam fitter or other employee goes to room 
so-and-so, he writes his name, the floor and the room 
numbers and any remarks necessary on the board. A 
telephone call should reach him through the porter on 
that particular floor should he be wanted by the engineer. 

Those who have operated know how prone some men 
are to leave for the men on the next watch a job they 
should have done. To minimize this evil a careful study 
has been made of the routine work—when it may best 
be done and by whom. Then written instructions are 
framed and hung near the watch engineers’ desk. There 
can be no argument about whether “Jim” should do 
so-and-so this week, or whether that job is ‘Frank’s.” 

Duplicates of all requisitions are filed within reach of 
the clerk. Material and supply charges, salaries, repair 
costs, ete., are entered in ledgers. Cards are also filed 
bearing the names and numbers of different meters, their 
shunts, etc.; similar cards are kept for the rest of the 
equipment. A yearly report sheet is kept and the sheets 
are bound in a loose-leaf binder. 
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es in Contimuous-Current 


Generators 
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power developed equals — a where T is the torque 
5 


as measured by the brake and NV is the revolutions per 


9-7’ 


wit 


minute. —, 
33,000 


The watts output equals 

TN 
reduces to ~ , 
(.04 

In measuring input to a generator a motor may be 
used to drive it and the input to the motor determined. 
The motor losses subtracted from its input gives the 
input to the generator. An input-output test is thus 
seen to be troublesome and in some cases difficult to 
make, and for this reason it is not much used. A simpler 
method is to measure the losses themselves and subtract 
them from the motor input to obtain the output, and 
add them to the generator output to obtain the input. 
All measurements of losses should be made with the 
machine hot, as this is the condition that obtains in 
operation, 


x 746, which 


If this is not possible and cold readings are 
taken instead, corrections should be made to obtain the 
corresponding hot values. 

The sources of the losses occurring in continuous- 
current machines are: (1) The resistance of circuits 
carrying current, including those of the armature, field 
coils, interpoles and brush contact; (2) hysteresis and 
eddy currents in the armature-core structure ; (3) friction, 
including that of the commutator and bearings, and 
windage, or the friction produced by the rotation of the 
armature in the air. 

The losses due to resistance of circuits carrying cur- 
rent vary directly as the resistance of the circuit and 
as the square of the current. If R represents the 
resistance and J the current, the loss in watts in the 
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circuit is J?R, and for this reason such losses are com- 
monly known as “J?R” losses. 

In the armature such losses are produced by the 
resistance offered to the armature current by the circuits 
or paths through which the current passes. Armature 
resistance can be measured directly by the drop-in- 
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FIG. 1. BRUSH CONTACT RESISTANCE AND 
VOLTAGE DROP 

potential method, the armature being stationary when 
the measurement is made. The resistance should be 
determined after a full-load run while the armature is 
still hot. If the cold resistance is measured instead, the 
hot resistance may be found by increasing the cold 
reading by 0.4 per cent. for each degree that the 
armature temperature rises above 25 deg. C. For a final 
temperature of 65 deg. C., or a rise of 10 deg., the 
increase would therefore amount to 16 per cent. The 
resistance may be calculated for all practical purposes 
from the length and cross-section of the armature con- 
ductor, and the specific resistance of copper, the following 
“xX cX 0.69% Be. 
k? Xa X 1.0002 where r is 
the cold resistance in ohms, / the length of an armature 
conductor in inches, ¢ the total number of conductors, & 
the number of circuits through the armature and a the 
area of the conductor in square inches, the constant 


formula being used: r 


0.697 being the resistance of copper in microhms per 
cubic inch. At a temperature of 65 deg. C., or a rise 
of 40 deg. above the standard room temperature of 25 
deg., the resistance will be 1.16 times the value found 
by the preceding formula. The resistance thus found, 
multiplied by the square of the armature current, gives 
the armature J°f loss in watts. 

In the field coils these losses, known as excitation 
losses, are due to the current necessary to produce the 
field magnetism and the resistance offered by the coils, 
which may be of the shunt or series type or a combina- 
tion of both. The shunt field, being subjected to a 
constant potential, has in it a constant current after it 
reaches its final temperature. The watts loss in this case 
is most conveniently given by the product of the voltage 
across the field terminals and the field current, which 
should be measured while the fields are hot. In the 
case of a generator where a rheostat is constantly in 
circuit with the shunt field, it is customery to include 
the loss in the rheostat with the field losses. The total 
loss will then be given by the product of the terminal 
volts of the generator and the field current. 
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The series-field current varies with the load of the 
machine, and the watts loss will be given by the product 
of the square of the armature current and the resistance 
of the field windings. The resistance can most readily 
be determined by the drop in potential method. Interpole 
coils are to be treated in the same manner as series-field 
coils. The current in them varies with the load of the 
machine, and their losses are computed from their 
measured resistance and the load current. 

Brush-contact losses occur at the point of contact 
hetween the brushes and the commutator and result from 
the resistance offered at this point to the passage of 
the armature current. There is also a loss in the 
commutator itself due to its resistance, but as this is 
exceedingly low it may be considered negligible. The 
brush-contact resistance and consequently the losses 
depend on the material of the brush and its current 
density, and to some extent on the pressure of the brush 
on the commutator, the peripheral speed of the com- 
mutator and the condition of its surface. Generally, 
however, the first two factors—namely, the material and 
current density—are the only ones considered as affecting 
brush-contact resistance. As contact resistance depends 
on the speed of the commutator, it is not possible to 
measure it accurately, although the drop in potential 
method is sometimes used. Ino making calculations 
involving this quantity, it is customary to make use of 
curves provided by the brush manufacturer, giving the 
value of contact resistance and voltage drop at various 
amperes per square inch of brush contact. In Fig. 1 is 
shown the average of such curves for several makes of 
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FIG. 2. SEPARATE AND TOTAL LOSSES OF 20-HP. 
220-VOLT MOTOR 


carbon brushes, the voltage drop being the total for the 
positive and negative brushes, and the resistance per 
square inch including positive and negative contacts. It 
will be noted that the resistance of contact increases 
inversely as the current density: that is, when the latter 
is low the contact resistance is high, and vice versa. 
Also, at any given current density the brush-contact drop 
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will be practically the same for all sizes of machines. 
The watts loss will be found by multiplying the armature 
current by the voltage drop found to exist at the value 
corresponding to the amperes per square inch of brush 
contact. 

The loss from brush-contact drop is small compared 
to the other losses in the machine, and a slight variation 
from its true value affects the total loss by only a small 
amount. For this reason and because of the difficulty 
of accurately measuring this loss, it is sometimes deter- 
mined by using an arbitrary value of 2 volts drop. This 
is the recommendation of the American Institute of 
Electrical Engineers for carbon and graphite brushes in 
the absence of definite measurements. 

Hysteresis and eddy currents in the armature core 
introduce losses that vary with the speed and flux of 
the machine. They are caused by variations in flux 
density, and changes in flux polarity which are constantly 
occurring in the armature laminations, owing to the 
rotation of the armature. Such losses are commonly 
known as iron or core losses. They may be calculated 
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FIG. 3. EFFICIENCY CURVES FOR 20-HP. MOTORS WITH 
DIFFERENT CONSTANT AND VARIABLE LOSSES 


showing the hysteresis loss in watts per pound of iron 
at one cycle per second and at various flux densities, 
and eddy-current loss in watts per pound of iron for 
laminations of various thickness at one cycle per second 
and at various flux densities. These may be 
measured by running the machine at no load, and the 
method of doing this will be described under “stray-power 


losses.”” 


losses 


The friction of the brushes and bearings and that due 
to windage cause losses that vary with the speed of 


rotation. These are generally known as mechanical 
losses. Brush friction depends on the peripheral speed 


ef the commutator, the pressure of the brush and the 

coefficient of friction between the brush and the com- 

mutator. It may be calculated the formula, 
sXbxXpxXk X 746 a =a 

= 33.000 , Where f is the friction loss 
in watts, s the peripheral speed of the commutator in 
feet per minute, ) the number of brushes, p the pressure 
per brush, and & the coefficient of friction, equal approxi- 
mately to 0.2. In estimating the pressure per brush it 
is customary to allow approximately 1.5 Ib. for each 
square inch of brush-contact surface. 

Losses due to bearing friction vary as the speed, while 
windage losses vary as the square of the speed. Both 
are difficult to determine by formula and are usually 
estimated from tests made on machines of similar type. 


from 
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The method of direct measurement of these losses as 
well as brush-friction losses, by running the machine at 
no load, will be given under stray-power losses. 

Stray power is the term used to denote the sum of the 
core and the friction losses and is thus seen to include 
all except I°R losses. Another term for these losses is 
rotation losses. The stray-power loss may be determined 
in one reading provided it is not necessary to know the 
individual losses that compose it. To make such a test, 
normal voltage is impressed on the field, and the machine 
is run as a motor without load. The voltage at the 
armature terminals is varied till rated speed is obtained, 
and the armature current and voltage noted. The product 
of these two gives the watts input. From this must be 
deducted the 7? loss in the armature due to the no-load 
current. The remainder is the stray-power loss. If it 
is necessary to know the separate losses going to make 
up the stray power, the machine under test may be driven 
by a smaller motor whose losses are known. The machine 
under test is driven at rated speed, with its brushes 
removed from the commutator and no current in its fields. 
The output of the driving motor is computed, and this 
equals the bearing friction and windage loss of the motor 
under test. By making a second test, with the brushes 
on the commutator, the total friction loss may be deter- 
mined. A third test, with the fields normally excited, 
gives the total stray-power loss, and this minus the total 
friction loss determined by the second test leaves the 
no-load core loss. 


Four Groups oF Losses 


From the foregoing it is seen that the losses in 
continuous-current machines may be grouped from their 
similarity and method of determination, as follows: (a) 
Stray-power losses, (b) shunt-field losses, (c) J?R losses 
in the armature and series windings, (d) brush-contact 
Those in the first two groups, from the fact that 
they remain practically constant at all loads, are termed 
Because they also occur at no-load, they 
are frequently known as free losses or no-load losses. 
Those in the last two groups are termed variable or load 
losses, owing to their change in value with change in 
load. 


losses. 


constant losses. 


To represent these losses at various outputs for any 
particular machine, curves are generally employed as 
represented in Fig. 2, where the watts are 
plotted against the horsepower output. The curves shown 
are for a 20-hp. commercial type shunt motor. The 
curve of total losses is obtained by adding together the 
values of the several losses as given by the separate 


losses in 


curves. 

The commercial efficiency of any machine or piece of 
apparatus is the ratio of the power output to the power 
input, or in terms of the losses it is the ratio of the 
input minus the losses to the input, or of the output to 
the sum of the output and losses. The efficiency therefore 
is the practical measure of the ability of the machine 
to do useful work and is of the highest importance to 
the user of power. In well-designed motors or generators 
of 1- to 200-hp. output it will vary from 80 to 92 
per cent. 

As has been pointed out, some of the losses in a 
machine are difficult to measure accurately, and for this 
itason values recommended by the American Institute of 
Electrical Engineers and termed “conventional” values 
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ire sometimes assigned to such losses. An example is 
the 2 volts recommended as the measure of the voltage 
drop due to brush-contact resistance and used in com- 
puting brush losses. Where conventional losses are used 
in computing efficiency, the latter is known as “conven- 
tional” efficiency. 

The efficiency of any machine is zero at no load, 
because at this period of its operation there is no output. 
At reduced loads the efficiency is low, on account of 
the constant losses—the less the output the lower the 
efficiency. By keeping the constant losses relatively low, 
the efficiency of the machine will be improved at light 
loads. Contrary to general opinion, maximum efficiency 
does not always occur at full load, but at the point 
where the constant and variable losses are equal. By 
so designing the machine that this condition obtains 
either at full load or before or after, maximum efficiency 
can be had at any point on the load curve not too widely 
separated from the full-load point. It is therefore 
possible to accommodate the machine efficiency to the 
load condition; thus if a machine of a given rating 
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is to run the greater part of the time at reduced output, 
it can be so designed that maximum efficiency will be 
had at this output. ) 

It is interesting to note in this connection that series 
motors have no constant losses. As the speed varies 
widely with the load, all friction losses will vary 
accordingly, decreasing with the load. Core losses that 
depend on the flux and speed will also vary, increasing 
with the load, as do the /*? losses. The result is that max- 
imum efficiency will occur before full load is reached. 

In Fig. 3 are shown efficiency curves of two 20-hp. 
motors with different values of constant and variable 
losses. Curve A is the efficiency computed from the loss 
curves of Fig. 2, where the constant losses are relatively 
low, and curve B is from a machine having relatively 
high constant losses. The difference in the shape of 
the two curves is very pronounced. In the first it is 
seen that the efficiency is high at all loads and that 
maximum efficiency occurs at practically full load, while 
in the second case maximum efficiency is not had till 
after full load is reached. 


Amn IExtended-Surface Boiler 





SY NOPSIS—Do the legs of a pot add to its heat- 
ing surface? They do not increase the projected 
area between fire and water, but they absorb heat 
and transmit it by conduction to wetted portions 
of the surface. The article describes a small boiler 
in which advantage is taken of this effect, and gives 
the results of a test made upon tt. 





Yards of argument have been expended as to whether 
the legs of a pot add to its heating surface. They give 
more surface in the fire, but no more in contact with 
the water. The editor has recently seen a boiler in which 
the pot-leg effect is taken advantage of and is intensified 
by screwing through the crown-sheet plugs of the shape 
shown in Fig. 4. These are each a foot long and project 
334 in. into the fire and between 7 and 8 in. inside of 
the boiler, bringing their tops about 3 in. above the 
normal water level. 

The boiler in question is one of about 15 hp., especially 
designed by Enoch Rector, of the Rector Engine Corpora- 
tion, 31 Runyon St., Newark, N. J., for use on a 
steam-driven auto truck. A cylindrical drum A, Fig. 3, 
28 in. diameter and 1014 in. between the heads, has 
i77 of these plugs inserted in its lower head, as shown 
in Figs. 3 and 5. 

Coiled around the outside of this evlinder and extend- 
ing in coils a suificient distance below it to make the 
confining surface of the furnace, is a 44-in. pipe through 
which the feed water passes. This coil is covered on 
the outside with asbestos cement, so that only one-half 
of it was counted as heating surface in the test of which 
the results are given farther on. The coil is then carried 
back and forth above the drum, as shown at B in Figs. 
1 and 3. The feed water enters the upper coil through 
the pipe C, Fig. 1, descends through the pipe D to the 
bottom of the coil which encircles the furnace, passes 
upward through that coil, and is delivered by the pipg 
E, Fig. 3, downward into the center of the boiler, 


discharging at the water line. The superheater consists 
of two headers FF connected by semicircular loops GG, 
» 


Figs. 2 and 3, welded into the headers and running 
around the inside of the firebox inside the feed-wate: 


TESTS OF RECTOR KEROSENE-OIL FIRED BOILER 


i: Te aka win ge WoT ee 1 2 3 1 
Date of test, 1916.............. Mar.1 Mar. 4 Mar. 8 Mar. 6 
emt OF FUR, BPs k ckckvcccsaur 41% 4 $1, 3 
Average steam pressure, lb. per 

CT: PN 6666684 iatencdsance 201.5 194.5 203.1 70 
Average steam temperature, 

Ce WS cam a eee as nde e wee 550 562.5 557 392 
Average superheat, deg. F...... 161.5 176.8 168 76 
Average feed temperature, deg. F. 50.6 51.2 62.6 50 
B.t.u.’s added per pound of steam 1,271.9 1,275.9 1,263.3 1.205.7 
Actual pounds water evaporated 

eh | Serre ie 407 436.1 306 184 
Equivalent evaporation from and 

at 212 deg., Id. per Bf.... 6.00% 533.2 573 399 229.41 


Pounds of oil burned per hour.. 37.32 40.975 27.52 13.75 
B.t.u. per pound of oil, high value 19,830 19,830 19,830 19,830 
Actual water evaporated per 

RN OE We, Bis ooo oo vos 10.9 10.64 11.23 14.1 
Equivalent evaporation from and 

at 212 deg. per pound of oil, lb. 14.19 13.88 14.62 16.68 
Over-all efficiency of boiler on 


_ high value of oil, per cent..... 69.8 68.47 73.65 81.33 
Over-all efficiency on calculated 
low value of oil, per cent..... 74.45 73.03 78.56 86.8 


Actual evaporation per square 
foot of heating surface per 


A AA rere en ee 5.25 5.62 3.94 2.37 
Equivalent evaporation per 

square foot of heating surface 

a er 6.88 7.39 5.14 2.96 
Botler horsepower ..... 02006008 15.42 16.62 11.57 6.65 
Average stack temperature, deg. 

Pe, th wbtswdes adaw 6 S0s eee eee 565 592 415 304 
Average percentage COs........ 11.5 11.5 14 13.25 
Average oil pressure on burner, 

1D. WOT BGR: BASS... oceccnnss 35.6 40.5 19.76 4 


coil, which forms its outer wall. The steam enters the 
superheater pipe through the connection //, Fig. 2, and 
is taken off at J. The burner gives a short, intense 
flame, the hot gases from which impinge under an air 
pressure of from 4 to 40 lb. into the nest of projecting 
cones, of which those in the center of the boiler attain a 
very high temperature, and threading their way radially 
among these cones, pass up through the spaces JJ between 
the shell of the drum and the encircling feed-water coil, 
bathing the superheated coils on the way and finding 
an exit on top of the boiler. 

Tests made of this boiler at the Steam Engineering 
Laboratory of Columbia University, by Prof. Harry L. 








620 
Parr, of the Mechanical Engineering 
university, were reported as follows: 
During the tests the operation of the boiler was direc 
Mr. Rector. The oil-supply tank was supported 
a scale and connected by flexible piping. 


Department of 


by 


condensate weighed. 
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FIG, 3 
THE RECTOR EXTENDED-SURFACE 


mining the pressures and temperatures were calibrated 
and all precautions observed to insure aceur 


acy of results. 
A recording CO, meter was connected 


with the stack 
and recorded the percentage of CO, every four minutes. 
During the first test 


a number of analyses of the flue 
gases were made by 


a chemist for CO,, O, and CO. 
Ilis readings showed the recording instrument to be 
correct, and he reported an average of 1% of 1 per cent. 
CO. During the third test, in which the percentage 
of CO, averaged somewhat higher than in the first two, 


POWER 


The ste; 
xenerated was condensed in a surface condenser and the 
The instruments used for deter- 


Feed Pump Connection 


Feed Water Heater 
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the no analysis was made for CO, but there was no evidence 


of incomplete combustion. 


ted All readings were taken at  fifteen-minute intervals 


on including the weights of oil burned and steam generated. 
un The conditions remained so constant that the length of 


time allotted to the runs was considered ample for giving 
accurate results. 
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BOILER WITH COPPER PLUGS THROUGH THE CROWN SHEET 


The square feet of heating surface was computed from 
the drawings. The total heating surface of the economizer 
sections, the boiler drum, including the 


copper plugs and 
the superheater, is 77.5 sq.ft. 


Of this the copper plugs 
make up 20.75 sqft. the drum 15.88 sq.ft., the bank 
of economizer pipes 14.39 sq.ft., the economizer coil 
15.6 sq.ft. effective and the connecting pipes 2.34 sq.ft. 
Only one-half of the surface of the economizer coil was 
included, as the outside of the coil is packed with asbes- 
tos and does not come in contact with the gases. 
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The percentage of CO, recorded is nearer the maximum 
than the same figure would indicate for coal, because 
the maximum percentage of CO, that can be obtained 
when burning a hydrocarbon oil is approximately 15 per 
cent. This is because part of the oxygen combines with 
the hydrogen and burns to water. 

The oil used during the test was Standard Oil Co. 
water-white kerosene. The higher heating value was 
calculated by the Sherman & Kropff formula’ with 
Strong’s modification, which, by comparison with many 
determinations by calorimeter, shows a deviation from the 
true values of only a small fraction of 1 per cent. The 
lower heating value was estimated by comparison with 
published values of oils similar to that used. 

The test reported in the fourth column of the table 
was made by Mr. Rector himself without Professor Parr’s 
assistance, but with the same apparatus and at a low rate 
of evaporation. 

The evaporation per square foot of heating surface is 
computed upon the entire surface, including that in 
the feed-water coils and that used only for superheating. 
Considering the surface in the water-heating coils and 
the shell surface, including that of the plugs, the highest 
rate was over 8 Ib. per sq.ft. Replacing the 20.75 sq.ft. 
of surface of the plugs by the 1.5 sq.ft. area of the 
holes they occupy, it appears that the average evaporation 
per square foot of projected area of surface, separating 
hot gases and water, was 11.4 lb. As the coil surface 
below the fire line is surrounded by the cool incoming 
air to the burner, it is of negative value as heating 
surface and the evaporation per square foot in other 
parts of the boiler must have been at considerably in 
excess of this rate. 


es 
ae 


Low-Headroom Condenser 
Arrangement 


In the illustration is shown an arrangement that 
according to Mechanical Engineering is designed by 
Stark & Co., of Hengelo (O), the Netherlands. Its 
purpose is to permit of placing a condenser in the base- 
ment of an engine room without the necessity of going 
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ARRANGEMENT OF CONDENSER IN BASEMENT 
to a depth sufficient to accommodate the circulating and 
wet-air pump. 

The condensate pump may be placed at any height, the 
condensed steam being drawn from the condenser by a 
water-jet ejector worked by a pump supplied with con- 
densing water from the condenser, and at the same time 


the different pumps of the plant may be combined with 
the condensation water pump in one aggregate set. The 


condensed steam flows from the condenser NV to an ejector 
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O, which receives power water under a suitable pressure 
through the pipe P?. The mixture of condensed steam 
and jet water is discharged through the pipe FR into a 
cistern S, from which a centrifugal pump 7’ delivers the 
water into the pipe P. 

The cistern S has an overflow to keep the quantity of 
water in this closed system constant by wasting the equiv- 
alent of the steam condensed. The centrifugal pump 
may be mounted on the engine floor and combined with 
the circulation-water pump and the dry-air pump in one 
set if the suction height of the circulation water pump 
does not prevent. 

Carey Underground Insulation 


To insulate steam or hot-water underground piping 
the Philip Carey Co., of Lockland, Ohio, has recently 
applied some of its standard products. The insulating 
medium is a standard thickness of 85 per cent. carbonate 


of magnesia. To prevent moisture from interfering with 
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DETAILS OF UNDERGROUND INSULATION 

its high insulating value, the covering is waterproofed 
by a double layer of Argentum shells. These shells are 
split on one side only and are intended to be sprung 
over the pipe covering. In this way there is only one 
horizontal seam to seal in each shell, and by applying 
the two layers of shells so that no seams or joints of one 
layer coincide with those of the other layer, there is no 
direct opening through any of the outer seams to the 
insulating covering. 

The magnesia covering is applied in the usual man- 
ner, the different sections being butted closely together 
with all seams horizontal. At the end of every five sec- 
tions (15 ft.) an asbestos support, with roller plate and 
balls properly inserted, is provided. Over this magnesia 
covering and the asbestos roller support the first course 
of Argentum shells is applied so that no seams or joints 
coincide with those of the magnesia covering. The seams 
are drawn tight with a rope in the form of a tourniquet 
The buttine 
A coat of Carey un 
versal cement is applied to the outer surface of the first 
course of Argentum shells, and the second course is then 


and stapled together at intervals of 2 in. 


sections are also stapled together. 


applied, breaking all seams and joints, as previously de- 
scribed. The covering is finished with a heavy coat of 
cement. Where the ground is unusually moist or marshy, 
a final coating of coal-tar pitch is applied. 

At stated intervals anchors are attached to the pipe. 


The covering is fitted as closely as possible to the anchors, 
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and the space between is filled in with magnesia cement. 
Over the anchor and extending at least one foot over 
the pipe covering on each side is cast a solid block of 
conerete. To provide for drainage a bed of broken rock 
not less than 6 in. deep is laid in the bottom of the 
trench, and at manholes and low points of the trench 
tile drains to sewers or other points below the level of 
the trench are provided, 

From the accompanying illustration and the foregoing 
description it will be apparent that the covering and 
waterproofing are easily applied. They are light and 
efficient, and as there is no concrete except at the anchors, 
the installation work in the trench is reduced to a mini- 
mum. 


The Converter Sparked 


Synchronous converters, as formerly constructed, were 
prone to flash over from brushholder to brushholder 
or from a brushholder to ground, in machines that were 
operating on ground return circuits. This was a weakness 
of the machines of higher frequency, and the machines 
of lower frequency were not immune. 

That this trouble has been almost entirely eliminated 
is due partly to the improvements in design, to education 
of the operators and to a realization of the fact that a con- 
verter that is designed and adjusted for specified operat- 
ing conditions will give better satisfaction under those 
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by several miles of transmission lines. A new source of 
power had become available, and the transformers had been 
moved to a location near the converter. It was after this 
move that the converter gave starting troubles and showed 
a tendency to flash over whenever any condition approach- 
ing a short-circuit occurred on the line. 

On changing the transformer connections to other taps 
that subjected the converter to the voltage at which it had 
so long operated, no further trouble was experienced. 
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The Detrick Suspended Arch 


A suspended flat arch which is adaptable not only to the 
general field of chain-grate stokers, dutch ovens, etc., but 
which may also be used with Stirling boilers and side- 
inclined stokers, has recently been placed on the market 
by the M. TI. Detrick Co., 547 W. Washington St., Chi- 
cago. As shown in the accompanying illustrations, the 
arch is made up of specially formed tile centrally sup- 
ported by a flexible arrangement of ironwork. Special 
precautions have been taken to protect the supporting 
members from the heat of the furnace. This applies 
not only to the main body part of the arch, but also to the 
inner end, which is subject to the greatest wear and 
tear. The inner end is protected by special end tile Nos. 2 
and 3 in Fig. 2. As shown in Fig. 3, No. 2 tile cover 
the ends of the arch bars. In addition there are special 























FIGS. 1 TO 3. DETAILS OF IGNITION ARCH ABOVE THE GRATES 


Fig. 1—-Ignition arch over chain grate. Fig, 2—Forms of tile used. Fig. 3—End tile protection at rear end of arch 


conditions than under any other and will require less 
attention. Even when the conditions of current, fre- 
quency, alternating and continuous voltages and degree 
of compounding have been specified, it is sometimes neces- 
sary to refine the adjustments after the machine has been 
installed. The factor most likely to be abnormal is the 
voltage applied to the alternating-current end, because 
it may have been affected by transmission changes that 
occur between the time of specifying the operating condi- 
tions and the time of placing the machine in service. 

An operator complained of the sparking of a converter 
that had been in successful operation for several years. 
Investigation disclosed that the operating conditions had 
changed. The converter and the transformers from which 
the converter drew its energy formerly had been separated 


end tile which stagger the joints between the tile in the 
main body of the arch and are supported by the separate 
castings, shown in Fig. 3. Other castings at this point 
support the apron wall extending up from the rear end 
of the arch. Should the end tiles burn off, only the short 
castings will be destroved, leaving the main supporting 
members intact and protected by the second end tile. 
From the detail views of the chain-grate ignition arch 
shown in Fig. +, the flexibility of its construction will be 
evident. The arch bars supporting the tile offer several 
places of attachment for the hangers, the latter being 
upheld by steel pins resting on channel-iron supports. 
The space between these channels allows considerable 
leeway for the hangers, and at the sides of the arch a loose 
packing of asbestos takes care of the expansion of the 
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tile. The latter feature relieves any internal stress in the 
tile and prevents sprawling, which might result if the con- 
struction was too rigid. There is no thrust on the side 
walls, and as each row of tile is supported separately, the 
erection of the arch is simple. Specially long arches are 
made in two sections, so that repairs can be made at either 
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FIG. 4. DETAILS OF CHAIN GRATE IGNITING ARCH 


end or at the center without removing many of the tile. 
In single Stirling boilers where the entire arch is with- 
in the walls of the boiler, the supporting channels are 
carried through the boiler walls to the outside so that air 
may circulate through the channels and keep the sup- 
porting members relatively cool. When the boilers are 
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set in battery the air ducts between the channels are con- 
nected together in the center wall, allowing a free passage 
of air through these ducts without admitting air to the 
furnaces. 

In these days when boilers are forced considerably above 
rating and the service is particularly destructive of brick- 











ARCH FOR SIDE INCLINED FURNACE 


FIG. 5. 


work, an arch in which any single element can be readily 
With 
that 
the maintenance is unusually low, the repairs being lim- 
ited usually to the renewal of the end tile instead of 
the entire arch reducing the time lost from 


renewed by unskilled labor has a decided advantage. 


the construction under consideration it is claimed 


service. 
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Welded Offfset Pipe Connections 





SY NOPSIS—Ovxyacetylene welding in ordinary 
repairs makes it possible to handle a great deal of 
work more economically and more efficiently than 


by older methods. 





A recent sprinkler-pipe installation handled in the 
Indianapolis plant of the Prest-O-Lite Co., Inc., necessi- 
tated the running of branches from the 6-in. water main 
of the sprinkler system in the company’s plant. 
the main had been hung close to the ceiling, offsets in the 
branches were required to clear the concrete girders and 
other piping already in place. 

The usual procedure of employing ordinary screwed 
fittings was started until it was found that on one side a 
drop of 71% in. was required, making the use of standard 


Because 











FIG. 1. OFFSET ON 


fittings with 6-in. pipe impossible. The connection was 
finally made by using regular 45-deg. flanged elbows and 
nipples, giving the pipe a 12-in. drop. 

The cost of the offset effected in this manner, includ- 
ing all of the necessary parts and labor for connecting the 
job, was $17.50. Ilad it been possible to make the offset 
with standard screwed fittings, the job would have cost 
£5.66. 

The branch on the opposite side of the main, however, 
A downward 
offset of exactly 514 in. was necessary to clear pipes above 


presented an altogether different problem. 


and below the new line. Standard fittings, either flanged 


or serewed, could not be used, and an estimate was 


obtained on the cost of bending the pipe for the required 


offset. It was found that this method would cost $18.60, 
including the bent pipe and labor for connecting. Fur- 








LEFT OBTAINED BY 








WELDING; ON RIGHT BY FITTINGS 
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thermore, a considerable delay would have been occasioned 
waiting for the pipe to come from the mill. 

The idea of employing oxyacetylene welding was then 
suggested by one of the factory employees. A short sec- 
tion, cut at each end at the proper angle to give the offset 
desired, was welded into the line at a total cost of $3.40, 
as compared with the cost of $17.50 for the flanged job 
and the $18.60 estimate for the bent pipe. 

The view in Fig. 1 shows two methods of obtaining 
the offset—the one on the left by welding and the one on 














FIG. 2. 


WELDED AIR-COMPRESSOR PIPE LINE 


the right by using flanged fittings. It will be observed 
that the welded connection, in addition to its greater 
economy, is neater in appearance and occupies compara- 
tively little space. 

Another instance of welding pipes is shown in Fig. 2-— 
The air 
pressure carried was 110 Ib. per sq.in., and the pipe was 
5 in. diameter, with offsets of 45 deg. Owing to the prox- 
imity of other pipes the ordinary flanged fittings were 
impracticable, and the offsets were made with welded 
joints as shown. Another advantage of the job is that 
the chance of air leakage at the joints has been elim- 
inated and a neat appearing pipe line is had. 


that of the discharge pipes of an air compressor. 


ms 


Radiation and Condensation Tests, conducted by G. M. 
Brill on pipe carrying low-pressure steam when bare and 
again when covered, showed an average heat loss for bare pipe 
of 2.7 B.t.u. per hr. per sq.ft. per deg. difference in the tem- 
perature of the steam and the surrounding air, condensing 
0.0081 lb. of steam per hour. The average of a large number 
of tests with six different kinds of coverings under similar 
conditions showed a heat loss of only 0.3328 B.t.u. per hr. 
per sq.ft. per deg. and 0.00038 Ib. of steam condensed per hour, 
or about 8% times as much loss from bare as from covered 
pipe. 
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WATERPROOF BOILERS 
The following want advertisement recently appeared in 
a Brooklyn, N. Y., newspaper: 
ENGINEER, experienced, with high speed engines, dynamos 


and waterproof boilers; must be strictly sober and steady; 
plant located in Brooklyn. Apply 532 E. 76th St. 


Wonder what waterproof boilers are like. 


TrrE Proressor Was Wrone 

A professor of mechanical engineering in a state univer- 
sity recently read quite an involved paper, at a state con- 
vention of engineers, upon the percentage of CO, in flue 
gas. After the meeting, he overhead one of a group of 
engineers standing about the hotel lobby remark: 

“That stuff that college professor told about is all bunc. 
I’ve been firing a boiler for 30 odd years and I’ve never 
even seen a B.t.u. or a CO, about the place !”—Harlan A. 
Russell, Lawrence, Kan. 


STOPPING THE Pop 

The pop safety valves of some water-tube boilers dis- 
charged into the boiler-room, much to the annoyance of 
an Italian fireman who did not like the noise. One 
night the engineer found the fireroom deserted and the 
water in one of the boilers falling fast. Going to the 
rear of the boilers, the fireman was found with the 
blowoff valve open. When asked the reason for blowing 
down the fireman said, “She pretta soona pop; I blowa 
da steam outer de side.”—John C. Morton, Wendel, W. 
Va. 


LET THE BoILeR BREATHE 

The steam fitter-master mechanic at a meeting heard 
a discussion on the breathing action of boilers. He 
forthwith told the “chief” that boilers breathed the same 
as humans. Two weeks later the master mechanic found 
that a hole about 4 ft. square had been cut in the brick 
wall level with the top of the boilers, through which cold 
air was whistling. Upon inquiry the fireman said the 
chief had the hole cut because boilers breathed, and that 
anything that breathed had to have fresh air, and he 
wasn’t going to have his boilers suffer. It was so hot 
on top that he could hardly breathe himself, and so how 
did anyone expect a boiler to?—W. M. Stockwell, Middle- 
town, Conn. 

Tuovent Ir Was Horrer 

The fireman came into the engine-room scratching his 
conspicuously bald head and 
asked, “How hot is the water 
in the boilers ?” 

“About 355 deg. F.,” replied 
the engineer. 

“Gosh, is that all?” he ex- 
claimed ; “I thought it must be 
at least twice that. Just as I 
bent over to look into the fire- 
box of No. 1 boiler a drop from 
the gage-cock landed on my 
bean. Only 355 deg. H ! 
I got the impression it was hot- 
ter than that !’—H. G. Gibson, 
Washington, D. C. 
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Friction of Riveted Joints 


On another page of this issue appears a letter from 
a reader on the practice of including the shearing 
resistance of the rivets in determining the strength of 
riveted joints. 

This argument about the slippage of riveted joints 
is advanced from time to time, and its advocacy is 
apparently due to lack of a thorough understanding of 
the significance of the relation that should exist between 
the ultimate strength and the working stresses in a 
material or structure. 

It is unlikely that anyone ‘familiar with the testing 
of riveted joints, or who may be conversant with the 
behavior of such joints when applied to a vessel and 
subjected to hydrostatic test, can be under the impression 
that a load approaching the full strength of the joints 
may be applied without producing ruinous distortion. 
The calculation of the ultimate strength of a riveted 
joint for the purpose of design is merely useful as 
supplying a figure to which a safety factor may be applied 
for the determination of the safe working pressure— 
merely something to tie to. 

In stating the ultimate strength of a joint, it should 
be in no wise implied that it would ever be possible to 
attain this value under working conditions, as this is not 
practicable. 

The ultimate tensile strength of a material is used as 
a basis upon which to fix the safe load on the tension 
members of a structure composed of that material, though 
it is understood by all that the structure would be 
rendered useless, because of deformations, long before 
this ultimate strength was reached. Practically all engi- 
neers agree that the elastic limit of a material would be 
a more logical basis upon which to determine the safe 
working load than the ultimate strength, if the true 
elastic limit could be accurately determined by test. With 
present methods of testing materials it is not possible te 
determine this property of a material or structure with 
nearly the same degree of accuracy as the ultimate 
strength may be determined. 

The same thing is true of riveted joints; that is, with 
the tensile and crushing strength of the plate and the 
shearing strength of the rivet material known, the 
ultimate strength of a riveted joint may be determined 
with a fair degree of accuracy, while the load at which 
distortion would occur due to slippage at the joint or 
from other causes, that would render the joint unfit for 
further use, would be uncertain. 

The ultimate strength of riveted joints is therefore 
likely to remain as a basis for the fixing of safe working 
The application of a safety 
factor should consist of the division of the most constant 
factor connected with the failure or partial failure of 
a structure or its parts, by a figure that experience has 
shown to give a working load that may be used with 
safety. To obtain consistent results the feature of failure 
or partial failure that has been demonstrated by tests 


pressures for riveted shells. 
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to yield the most uniform results should be chosen as 
the base to which the safety factor should be applied. 

The fact that a boiler joint would become useless from 
deformation before actual failure of the rivets by shearing 
could take place should have no hearing on the question 
of whether the ultimate strength of such a joint is a 
proper basis for fixing the safe working pressure, but 
rather what the factor of safety should be. However, 
a factor of safety, for other reasons, is chosen which will 
bring the working stress well within the point where a 
slippage of the plates might be expected. 


Safe Discharge Pipes for 


* {> 


Safety Valves 


Short, direct and unobstructed discharge pipes for 
safety valves would seem to be almost self-evident) 
necessary. Yet a recent instance of improper practice 
in this respect suggests the importance of commenting 
upon the matter, The inspector of an insurance com- 
pany, while examining a boiler, found that a whistle 
had been attached to the end of the discharge pipe from 
the safety valve since his last visit to the plant, and 
that a stop valve had been placed between the safety 
valve and the whistle. Obviously, with this stop valve 
closed, the safety valve could not operate in the event 
of over-pressure, serious 


and a accident might 


The safety of the employees in the entire establishment 


occur. 


was made to depend solely upon the faithfulness and 
intelligence of the boiler-room attendant. Surely such a 
condition should not exist. 

Placing valves of any kind in the discharge pipes from 
safety valves has been repeatedly warned against, and in 
short should be 


Care should also be taken to see that the pipes 


the pipes themselves, turns and bends 
avoided. 
are never smaller in area than the valve areas to which 
they are connected, When possible, such pipes should he 
extended nearly horizontally to some point in the boiler 
room where the escaping steam will not be objectionable, 
With this arrangement, the fireman is certain to hear 
the steam escaping and know that one or more valves 
are blowing, whereas he might not immediately notice 
it if the piping discharged outdoors. 

In installing safety-valve discharge connections, the 
piping should he erected on a slightly descending erade 
away from the safety valves, so that the water of con- 
densation will be automatically drained away from. the 
If the pipes 
must be extended vertically, open drains of ample size 
should be provided at the lowest points. 
is necessary in the winter to prevent the condensation 


pipes and the upper parts of the valves. 


Special care 


from freezing in the discharge piping that may be 
exposed to the outer air. It should not be necessary 
to add that such piping must never discharge into 


passageways, either inside or outside the station building, 
or into work rooms or at other points where persons are 
likely to be endangered by the escaping steam. 
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Precipitate Action Invites Error 

An engineer in charge of a factory plant had installed a 
number of expansion steam traps. These were exactly 
suited to the conditions they were intended to meet, 
and had therefore given satisfaction. The engineer’s 
supervision was extended to take in a newly erected plant 
of a character quite different from the one with which he 
was already familiar, and he was given carte blanche in 
the matter of its equipment. The requirements of the 
prospective service called for the installation of a large 
number of steam traps. Without pausing to see if there 
were any peculiar conditions that might call for a differ- 
ent style of trap and remembering only the excellent 
results obtained with the equipment in use in the factory 
plant, he went blindly ahead and placed an order for 
traps of the same kind for the new job. When the plant 
was started, the equipment was found to be practically 
The selected steam traps had to be discarded in 
favor of new ones adapted to the special requirements 
of the service. 

This incident shows that the selection of apparatus can- 
not be regarded safely as a general proposition. As a mat- 
ter of self-protection, if for no other reason, the engineer 
must give each detail separate consideration and search 
out every circumstance that may have a bearing on the 
He cannot afford to recommend the purchase of 
any piece of apparatus until he has thoroughly investigated 
and weighed all the conditions to be met, because this is 
work wherein a man’s mistakes stand as enduring monu- 
ments to lack of skill or judgment. 

Chief engineers nowadays are looked to by their em- 
wloyers for expert opinion, and while experts in some 
lines of scientifie endeavor may escape the contumely 
attaching to erroneous decisions by beclouding the issue 
with theoretical conjecture and speculation, the engi- 
neering expert has no such refuge. Tis blundering un- 
failingly leads to his discomfiture, for it all hinges upon 
a question of whether the apparatus is proved by trial to be 
suitable for the purpose intended. 

The engineer’s special province is, of course, the power- 
boilers and 
cngines and electric generating equipment. There was 
a time when it was considered the height of presumption 
for an engineer to show any interest in what transpired 
in the power-consuming end of the establishment, the 
selection of apparatus of whatever character for use in 
departments beyond the engine room being regatded as a 
prerogative of the superintendents and foremen in those 
departments. 

But the status of the modern chief engineer is altogether 
different. In matters pertaining to power, whether in the 
production or consumption thereof, his influence extends 
to all departments of the establishment. When it comes 
to planning the installation of new apparatus, he is often 
required to take account of many features of the plant, 
as a whole, that are only remotely connected with his own 
special department. Not alone does the generation of 
power comprise the sum total of his interest in the busi- 
ness; the transmission and use of power likewise eall for 
his attention, and where equipment is selected without 
due regard for conditions that may distinctly affect these 
items, trouble is apt to be forthcoming. In the episode of 
the ill-adapted steam traps, unconsidered external cir- 
cumstances were mainly accountable for the unfortunate 
selection. 


useless. 


case. 


producing department of the works—the 
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Normal Voltage and Lamps 

In an office building served by an isolated plant a 
system of indirect lighting was installed. The owner 
agreed to maintain the lighting fixtures, to care for the 
cleaning of lamps and make replacements; these tasks, 
with the supply of current at normal voltage being 
detailed upon the local operating engineer. Inquiries 
as to the character of service the installation was giving 
tenants brought out the point that the latter were not 
wholly satisfied with the resulting illumination. The 
manager of a large insurance organization occupying the 
street floor and served by sixteen 150-watt tungsten 
lamps stated that it was frequently necessary to call 
upon the engineer to speed up the engines so that the 
lamps might get the benefit of normal voltage; that when 
the plant was temporarily shut down and service sup- 
plied through a breakdown switch by the local electric 
light company the voltage conditions were greatly im- 
proved, and finally, that insufficient attention was given 
to cleaning and lamp renewals. 

In justice to the engineer who has to render service 
to such an installation, it may well be emphasized that 
indirect-lighting units are difficult to keep clean, the 
bowls forming natural catch-basins for dust. <A ceiling 
of dull tint also is a handicap to efficient reflection. 
In the stress of other work, it is very easy, also, to let 
ihe almost imperceptible sag in candlepower of the 
tungsten lamp accumulate in service without considering 
the expediency of replacements with new bulbs. But it 
is a severe indictment when the charge of subnormal 
speed of generating units is leveled against the operating 
man, and so far as is within his power, it should be 
impossible for any consumer in a building where no 
serious fluctuating motor load exists justly to claim that 
outside service is superior to that delivered by the local 
plant. 

Tenants are becoming more critical of voltage con- 
ditions at their lamps, and the problem of maintaining 
normal pressure is one of the most important with which 
the engineer can concern himself in competition with 
the offerings of the outside company. Where an installa- 
tion is naturally difficult to keep at the most efficient 
point, as where all indirect lighting is used, extra 
attention must be paid to the foregoing conditions in 
order to deliver the standard of service that may properly 
be required by the consumer. The policy of the owner 
should be to back up his engineer to the limit in supply- 
ing new lamps, whether gas-filled or straight tungsten, 
when these are plainly needed, and the responsibility for 
cleaning such units should be fixed and then met with 
faithful service. 


. 


= 


When a man says he can judge the quality of coal by 
the way it makes the shovel ring, be assured he calloused 
his hands to learn how. 


Of course no one expects engineers to perform physi- 
cians’ duties, but those in charge of building plants where 
the air is heated, cooled and humidified can, by intelligent 
or ignorant use of the “conditioning” system, minimize 
or extend the occupants’ sick list. Do you know what 
percentage of humidity is best for your building, its 
occupants and furniture ? 
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The Thinker 


In Power of Feb. 29 appeared a poem, “The Thinker,” 
by R. T. Strohm, which I discussed with my wife in 
various directions. As a result she prepared an answer 
apropos of the present times and cor ‘titions, which I 
told her I would send you as I considere it quite “taky.” 


THE THINKER TODAY 

There once was a story that plenty of glory 

Awaited the fellow who worked with his brains; 
But the duffer who’ll do it is certain to rue it 

And hasn’t the sense to come in when it rains. 
He’ll find it a fable that men who are “able” 

May rise o’er the level of negro and chink; 
Alonss with all heauty in doing your duty 

Have vanished the honors of fellows who think. 


This land is fast filling with chaps who are willing 
To buy soul and body where labor is sold; 

Gray matter in action has now no attraction, 
The world only worships its idols of gold. 

You work at high tension to make an invention, 
The patent is stolen before you can wink; 

Your sole chance of honey is heiring big money, 
No laurel crowns now for the fellows who think. 


He’s only succeeding who’s clever at bleeding, 
Whose heart and whose conscience have both died of rust; 
No sight is there sadder than climbing Fame’s ladder, 
The rooms at the top are all cinched by the Trust. 
You’re planning and turning and genius burning, 
You'll find that Success is a mythical minx; 
From black to albino, unless he’s the rhino, 
There’s only a club for the fellow who thinks. 


If Watt and if Newton, with ideas a-shootin’ 
The length and the breadth of each well-furnished skull, 
Were now to live over and try to discover ' 
A law or a force yet unknown to the dull, 
Unless they were willing to undergo killing, 
They’d better not find any long-missing links, 
For decapitation and annihilation 
Are now the rewards of the fellow who thinks. 


Erie, Penn. H. A. Wrpe. 
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Friction in Riveted Joints 


In reading Power of Mar. 7, I find that in two 
instances the calculation of rivets for boiler joints is 
based upon the shearing strength of the rivet shaft. 
Basing the calculation of rivet joints and rivets én the 
shearing strength of the rivet is not correct. 

More than fifteen years ago Prof. Carl von Bach 
proved conclusively that the friction of the plates must 
be considered the dominating factor of transmission of 
the stresses of a rivet joint, otherwise a calculation of 
the joints is, at best, problematical. 

The rivets, driven in while hot, contract while cooling 
and do not fill out the rivet holes. Especially in butt 
joints with two plates is this true; thus a slight move- 
ment of the joint must precede the action of shearing 
of the rivet shaft. However, as a joint that permits 
the slightest movement must be considered faulty, the 
shearing stress of rivets cannot be considered in calecula- 
tions of joints that must be rigid, as in boiler work 
and hulls, where the tightness of the joint is endangered 
by the slighest movement. 


I mention this only in the way of illustrating the 
unreliability of a calculation of rivet joints based upon the 
shearing stress of the rivets. There are a number of 
other reasons why our practice in this regard should be 
condemned, 

Why do we continue along lines so palpably wrong 
and which were long ago abandoned in Europe? Is it 
a lack of thoroughness in our work or unwillingness to 
study and profit by developments in other countries? 

Chicago, Ill. JOSEPH GODER. 

| This idea of frictional resistance in riveted joints is 
advanced from time to time, but should not disturb the 
conception or practice of the reader. See the editorial 
on page 625. Discussion is invited.—Editor. ] 





Explosion im an Ash Tank 


In the Apr. 4 issue, a letter on “Explosion in an Ash 
Tank,” by L. C. Kramer, appears, in which he asks for 
a reason for the explosion. It no doubt happened because 
hot ashes were being handled containing some coke and 
unconsumed coal which, owing to the heat in the tank 
from the hot ash, gave off the volatile matter in the coal, 
such as hydrogen, hydrocarbons and carbon monoxide. 
Upon opening the gate to discharge the ashes, these com- 
bined with the oxygen of the air which rushed in to take 
the place of the ashes discharged and formed an explosive 
mixture. This was ignited either by the heat in the tank 
or by some of the hot ashes. 

In the seven years that I have operated the vacuum 
ash-handling system, I have had but four explosions in 
the tank, and each time hot ashes were being handled 
without water. Fortunately no one has ever been injured. 

I would suggest to Mr. Kramer that instead of loose 
plates set on top of the tank he provide four or five 8-in. 
outlets with caps or bonnets, fastened with a small length 
of chain, on the downcomer between the tank and the dust 
collector. Then, when an explosion occurs, the caps or 
bonnets are blown off, releasing all pressure, and they can 
be immediately replaced. ' 

An explosion has never occurred when the spraying 
water was being used, no matter how hot the ashes. 

Philadelphia, Penn. ALEXANDER ARNOIS. 


I read with interest L. C. Kramer’s experience with his 
ash-handling equipment as told in the April 4 
Personally, I am not familiar with any of the so-called 
vacuum ash-handling systems, but from the excellent 
description presented by Mr. Kramer, I can readily under- 
stand the nature of his equipment. 

As it appears to me, during the period that the pump 
was in operation, all the ashes entering the tank were 


Issue, 


wet. Then, from some cause or other, the pump stopped, 
thereby cutting off the water supply, and resulting in the 
following condition: All the ashes, just as they left the 
fire—some at red heat—were sent into the ash tank on 
top of the wet ashes; the steam generated by the wet 








ashes percolated through the hot dry ashes and, while so 
doing, became dissociated into its competent elements, 
hydrogen and oxygen. Some of the oxygen, combining 
with the free carbon in the ashes, formed CO; but part 
of it again entered into a mixture with the hydrogen, and, 
since the combination of hydrogen and oxygen in certain 
proportions is highly explosive when ignited, the fore- 
going seems the logical cause for what happened. 
Another possibility is that the coal used by Mr. Kramer 
contained a quantity of pyrites which, when burned, 
formed H,S, and this, carried in the ashes to the tank, 
was there combined with air, forming an explosive mix- 


ture. FREDERICK HANSA. 
New York City. 
What Caused the Pressure 
Fluctuation? 


I read with interest the inquiry by Charles Haeusser, 
in the issue of Feb. 22 relative to what caused the pres- 
sure gage to indicate a fluctuation in the pressure then 
existing in a horizontal tubular boiler. As he has 
stated, the boiler had been out of operation for 18 hr. 
and the gage still showed 40 lb. and the safety valve was 
operated for a moment to ascertain that the pressure 
was due to steam and not to air. After a wood fire had 
been kept going for a half-hour the gage indicated a drop 
in pressure from 40 to 30 lb., where it remained for 10 
min., after which it increased regularly until 80 lb. was 
attained, when the boiler was cut in service. 

I have found that the teeth of the pinion, which mesh 
with those of the sextant connected to the spring of the 
gage, become worn and will catch, one on the other. 
causing the gage to become temporarily inoperative. 
Also, a small piece of matter falling into the mesh of 
the teeth will cause the gage to stick. <A slight shock 
imparted to the gage by tapping will cause it to operate 
again, 

It is probable that one of the faults mentioned caused 
the gage to remain at 40 |b. although there may have 
been only 15 Ib. steam pressure in the boiler. After 
the fire was started and kept going for a half-hour, it is 
reasonable to assume that the boiler was generating steam, 
owing to steam pressure being present before the fire 
was started. During this half-hour the steam pressure 
was increased to 30 Ib., at which time the gage may have 
received a slight shock causing the mechanism to become 
free and allowing the hand to drop back to the pressure 
then existing, which was 30 lb. The movement of the 
spring due to the increasing pressure may also have had 
a tendency to cause the pinion operating the hand to 
release itself. C. E. Kuna. 

Allentown, Penn. 

& 


Instrument Limitations 


Instructions on the use of instruments in tests always 
should emphasize the limiting conditions that the current 
coils of ammeters, wattmeters and watt-hour meters should 
not be subjected to currents exceeding their capacities, and 
that voltmeters and the potential coils of wattmeters and 
of watt-hour meters should not be subjected to voltages 
greatly exceeding their ratings. Instruments are espe- 
cially liable to injury where the existing conditions of the 
circuit that is being tested are not known, or where known 
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conditions are changed as the result of a circuit irregu- 
larity that develops during the test. The following illus- 
trates the latter source of abuse, in that the application of 
the instrument closed a circuit: 

An operator of several 440-volt direct-current genera- 
tors experienced difficulty in getting one of them to gener- 
ate. Preceding the failure to generate, the machine had 
for some time been slow and erratic in “picking up” its 
field magnetism. This trouble was wrongly attributed to 
short-circuited field coils because the operator had had 
such trouble on another occasion. In taking the voltage 
drop per field coil, a 150-volt voltmeter was used. Ordi- 
narily this would have been of ample range, but in this 
particular case the failure to generate was due to an open- 
circuit in a jumper between two of the coils, and as soon 
as the voltmeter lines were applied across this break, 
apparently the voltmeter burned out because it was stb- 
jected to the full 440 volts of another machine to which 
the field circuit was connected during the test. 

Schenectady, N. Y. KE. C. ParHam. 

# 
Distinguishing Pipe Lines 

In the issue of Feb. 8, 1916, page 196, Mr. Connor 
suggests stenciling colored arrows on the various lines 
of a piping system. The colors as given do not conform 
to, nor are they as extensive as, those recommended by 
the A. S. M. E.,? which many of the larger companies 
have adopted. A synopsis of the committee’s report is 
as follows: 

Paint all pipes in well-lighted main engine rooms to con- 
form to the color scheme of the room. If desirable to use 
distinguishing colors, these should be painted only on flanges 
and on valve and fitting flanges. All fire lines (suction and 
discharge), valve flanges and fittings shall be painted red 
throughout. In all other parts of the plant, such as boiler 
house, basements, etc., paint the piping (exclusive of valves, 
flanges and fittings) black or some other durable, inexpensive 
color. 

The edges of all flanges, fittings or valve flanges on pipe 
lines larger than 4 in. inside diameter, and the entire fittings, 
valves and flanges on lines 4 in. and smaller, shall be painted 
distinguishing colors listed in the report. 

Color symbols by themselves are not sufficient to over- 
come defacement by smoke, gases, dust and heat, and it 
is necessary for the color-blind to use something besides 
colors. Arrows should indicate the direction of flow, 
equalizing pipes and pipes with an alternating flow having 
double-headed arrows pointing in opposite directions, 
placed at distances to enable easy identification, not in 
excess of twenty feet, and located so as to be easily ob- 
served from the floor with permanently clear and dis- 
tinctive colors, using 1-in. block letters and figures wher- 
ever possible. 

The more simple a system is the less confusion and the 
more easily it will be remembered. The material con- 
veyed by the piping may be designated by the initial 
letter—thus S for steam, S-hp. for high-pressure steam, 
ete. 

Another good plan would be to paint only fittings and 
bands on the piping. Valve bodies may be stenciled R 
and L, indieating right- and left-hand valves and also 
may have substantial brass tags legibly stamped with 
number and letter in conformity with an adopted chart. 

Toronto, Ont., Canada. T. W. ReEyNo.pbs. 





‘Report of Committee on Identification of Power-House 
Piping. Also paper by William H. Bryan and discussion before 
= American Society of Mechanical Engineers’ Detroit meet- 
ng, 1908. 
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Exhaust vs. Live Steam Heating 


In the issue of Apr. 4, page 485, Mr. Underwood dis- 
cusses the question of exhaust vs. live steam for heating 
and draws a conclusion that is opposite to the accepted 
theory. He states that radiation supplied with dry or 
superheated steam will give off more heat than radiation 
supplied with wet exhaust steam. 

The various articles on the subject that have appeared 
during the past year or so scem to prove that the reverse 
is the case and as a further evidence of the soundness of 
the theory that a radiator with wet steam will radiate 
more heat than one with superheated steam at the same 
temperature, the following extract from Mr. McMillan’s 
article on page 470 of the same issue is of interest. 

With superheated steam there seems to be at the inner 
surface of the pipe a sort of insulating film which allows the 
pipe to remain at a temperature considerably lower than that 
of the steam. Therefore radiation will be lower from pipes 


carrying superheated steam than from those carrying sat- 
urated steam at the same temperature. 


Brooklyn, N. Y. W. L. Duranp. 


Safety First for Power Plants 


I was sorry to see the article by H. B. McDermid in the 
Mar. 14 issue because I believed the safety movement is 
of benefit to the workingman. Undoubtedly Mr. McDer- 
mid has cause for complaint in this individual case, but 
the safety movement itself is not to blame. Just because 
some unqualified man with a pull has succeeded in get- 
ting a soft job as inspector is no reason for condemning 
the movement as a whole. 

The conclusion seems to have been drawn that because 
this company pays low wages the men are careless. I 
do not believe that low-priced men, as a class, are more 
careless than those better paid. They may, through ignor- 
ance, be more liable to injury than highly paid men, but 
I have seen some of the latter take big chances and seem 
to be proud of it. The ignorant man who does not under- 
stand his business is more or less afraid of his machine 
and is more careful as to what he does. 

I have been connected with the safety movement for 
some time and am more or less acquainted with the 
four different types of inspectors. 

Inspectors from the different trade associations inves- 
tigate the plants of members and make recommendations. 
Whether or not they are complied with is up to the man- 
ager. They are high-grade, well-paid men, are courteous 
and perfectly willing to give reasons for their suggestions. 
They have made safety their profession, and I have always 
found their suggestions reasonable. 

State inspectors are generally fairly well paid and, 
although sometimes subject to politics, seem willing to be 
reasonable and are glad to be shown why their recommen- 
dations should not be followed in specific cases. 

Casualty-insurance inspectors, with whom it is a busi- 
ness proposition to reduce accidents, are high-grade men. 

City or local inspectors are generally failures at other 
employments and are glad of a political pull to obtain an 
easy job at a wage about equal to a patrolman. These 
men as a rule are not only ignorant of their work, but are 
generally so swelled up with their own importance as to 
be a nuisance. 

I could relate many amusing instances of this type and 
their demands. I presume likely it was one of this type 
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that Mr. McDermid ran up against, and if so, he has 
my sympathy. 

Our large corporations, such as railroads and steel mills, 
have demonstrated the value of the safety movement. 
The application of the movement in these large 
plants has in some reduced accidents as much as 75 per 
cent., and they have found it a paying proposition from 
the financial as well as the humane standpoint. Power 
plants as a rule do not employ enough men to demonstrate 
the value of the movement, but when other lines of indus- 
try find it of so much value, how can anyone question its 
worth in the power house? No one doubts the value of the 
boiler inspector, and yet he is certainly a member of the 
safety movement. 

Let us not condemn a fine thing because of an individual 
mistake. These mistakes are the exceptions proving the 
rule. JoHNn Batuey. 

Milwaukee, Wis. 


@ 


An Odd Way To Fire 


As in many other plants, we found that at times our 
grate surface was too large for the work to be done by 
the boiler. To correct this condition as far as possible, 
I instructed the fireman to throw on huge banks of 
coal, which is of the caking Kansas kind, one bank 
on each side of the furnace and one heavy bank down 
through the center of the grate, thus leaving two valleys, 
as it were, where the fuel bed might be kept thin and 
where by far the larger amount of combustion would 
take place. 

We first tried wetting the coal that we banked, but 
found that the water caused the coal to crack, allowing 
air to go through and combustion to go on quite 
rapidly in the banks; dry coal corrected this condition. 

Attica, Kansas. Joun J. RAMSEY. 

[Although Mr. Ramsey infers that this method was 
successful, it is certainly so poor on the face of it that 
we would not advise trving it, unless one wants to 
experiment just for experiment’s sake.—Editor. ] 
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Breakdown Service 





Whether central-station breakdown service is the proper 
thing to install where no reserve units are provided is 
an open question. There are cases where it is better 
than putting in a spare unit, but the question cannot 
be answered for any given plant until all the conditions 
bearing on the subject are known. It depends on the 
cost of having the plant idle for a few hours; the cost 
of the breakdown service; the frequency with which these 


breakdowns are likely to occur, which, in turn, will 
depend on the condition of the machinery, its age and 


how well it is taken care of and the load; the cost and 
size of a suitable reserve unit; the size of the plant and 
the probability of whether an accident will put the entire 
plant out of commission or only a part of it; the nature 
of the work—whether material in the process of manu- 
facture will be ruined, in which case interruption to 
service would be more expensive than under other 
conditions; and the reliability of the breakdown service 
available. 

Breakdown service is the most expensive kind of 
central-station service. Aside from the charge made for 
the actual energy used, there is usually an additional 
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monthly charge depending on the service capacity in- 
stalled. This is supposed to cover overhead charges on 
the reserve equipment installed in the central station ; 
in other words, it is the “ready to serve” charge and 
goes on regardless of whether the service is used or not. 

Where it is necessary to have uninterrupted service, 
it may be advantageous to have this outside service if 
the plant is small, but this brings up the question of 
just how large a plant would have to be to make the 
installation of an additional unit for reserve a paying 
proposition, That would also depend on the probable 
erowth and nature of the business and whether the present 
plant is reasonably loaded at the time. 

Where neither a reserve unit nor breakdown service 
is provided, there is a tendency on the part of many 
employers to insist on the engineer and his staff working 
uvertime and on Sundays to make necessary repairs, and 
in some instances repairs that could be done during the 
week are deferred until Sunday so that the regular men 
can do the work without extra expense. This is a con- 
dition that is unfair to the engineers, and they are trying 
to overcome it by the installation of reserve units or 
outside service. 

Another method of coping with the problem of inter- 
rupted service that can be applied to advantage sometimes 
is to have two or more isolated plants tied together. 

The writer was employed in a plant where this idea 
was carried out. The electric light company had a load 
of street lights and commercial lights and power, and 
the other company had a block plant that supplied current 
for the block and also for several near-by blocks, besides 
some residence load. Neither plant had any reserve units, 
and they were owned by two separate interests. It was 
also necessary to provide uninterrupted service. Both 
plants generated 60-cycle 2,300-volt alternating current, 
and the block plant also had a direct-current system 
and rotary converters. An agreement was made that the 
iwo plants be tied together, a switch pilot lamp and 
wattmeter being provided at each end of the tie line. These 
switches were normally open, but if trouble arose in either 
plant the engineer would call up the engineer of the 
other plant and ask him to carry the load or as much 
of it as he could. The other engineer then stated the 
condition of his load and how much he could carry 
and closed the tie switch. The engineer having trouble 
then cut his load down, if necessary, to what the other 
plant could carry, and as soon as the pilot light showed 
that the other engineer was ready, he closed the switch at 
his end of the line and stopped his machine. This 
changing over was accomplished without dropping the 
motor load and without tying the two generators together 
except for an instant, as both oil switches were operated 
simultaneously. Neither plant had any reserve units, 
but those in service were not fully loaded and the plan 
worked out well. The success of this scheme, however, 
depends to a great extent on the compatibility of the 
engineers of the two plants. 

These two plants used their ability to supply one 
another current not only during emergency, but also to 
give the men a little time off when the load was light, 


as on Sundays and holidays. This was arranged by the 
engineers of the two plants with the sanction of the 
employers. The only restriction was that the energy 


used by one company would be about the same as that 
sent through the line to the other company, so that the 
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cost of the power bought by the one would about equal 
that sold to the other. 

It seems to me that this plan might be worked out 
to advantage in many places. If the whole of both loads 
could not be carried by one plant, probably a part of the 
most necessary load could be handled, which would tend 
to eliminate the cost of reserve units or outside high- 
priced service. J. C. Hawkrns. 

Hyattsville, Md. 
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Ventilated Front Column in 
Oil-Burning Boiler 


Inquiries have reached us recently about our method 
of repairing burned-out front columns and center-wall 
stay-bolts in Stirling boiler settings. It was found that 
with these boilers set in batteries of two and using “rear- 
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THE COLUMN WAS VENTILATED 

shot” oil burners, the front column at the forward end 
of the center wall would become so hot that it would be 
badly distorted. The bending and buckling of the column 
had bulged the center wall on both sides. 

These front columns are made up of two structural- 
steel angle bars riveted together with distance pieces, 
leaving sufficient room between them for the stay-bolt 
to pass through. It was also found that the center stay- 
bolt was burned off for a distance of 3 ft. opposite the 
center of the firebox. We first attempted to remedy this 
by covering the front column and stay-bolt with a thick 
layer of asbestos pipe covering, but found that this was 
no protection as the columns were destroyed just as 
rapidly as before. 

We then put in a front column made of extra-heavy 
(-in, pipe ventilated as shown. Cold air is drawn in 
through a 314-in. hole near the lower end of the column 
and passes up and out at the 314-in. hole near the top. 
Short pieces of boiler tubes were used as inlet and out- 
let pipes; these were beaded over at their outer ends 
where they come through ironwork. For the stay-bolt, 
which was 114-in. diameter, we used double-extra-heavy 
l-in. pipe with 18¢-in. machine threads, and at the rear 
end tapped inside of the pipe for 84-in. pipe threads. A 
3£-in. pipe connection was carried from here through 
the bottom of the smoke flue, as shown. A %-in. elbow 
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is put on inside of the flue 3 in. from the floor to prevent 
soot from dropping into the %-in. pipe. The flue draft 
draws cool air through the hollow stay-bolt and keeps 
it from becoming hot enough to be damaged. 

This method is satisfactory in every way, as there 
have been no burned-off stay-bolts or front columns since 
its application. C. V. WALKER, 
Asst. Chief, Southern California Edison Co.’s Station. 

Long Beach, Calif. 


Turbine Oil Pump Fails 


A rather unusual turbine accident was brought about 
by the breaking of the connecting coupling of the oil 
pump close to the pump gears on our turbine. The 
fracture was thought to have been caused by a tooth of 

















1,000-KW. TURBINE, SHOWING OIL COOLER, OIL PIPES, 
GOVERNOR AND VALVES 


one of the pump gears breaking owing to crystallization, 
then wedging itself between the gears. Another explana- 
tion was that perhaps something in the oil caught in the 
rotary pump, which has limited clearance, causing the 
gears first to break and later to wedge, breaking the shaft. 
Whatever the original cause, the gears were found to be 
in bad condition. At least half of the teeth were broken, 
while the impeller of the pump showed no signs of wear 
and tear. 

The gears and impeller in this style of pump are in 
separate compartments, so that the pieces from the gears 
could not do any damage to the impellers, nor could the 
chips and pieces of the broken gears get into the oil 
system or the bearings. With the stopping of the oil 
pump and the consequent decrease of pressure on the 
relay oil system, the turbine did not stop of its own 
accord, as one would at first suppose, owing to the intake 
valve being held open by the pressure of the relay oil, 
but continued to take steam. This was evidently because 
the governor was not moving at that time, and so the 
piston valve, which admits and exhausts oil from either 
side of the oil cylinder that operates the intake valve, 
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was in a central position, holding the valve open. If 
the governor had moved either way, it would have moved 
the piston valve, released the oil and closed the valve, 
shutting off the steam. 

The babbitt on the outboard bearing of the generator 
let the rotor down so that its shaft was rubbing on the 
housing. The operator immediately took the machine 
off the line, tripped the stop and started the auxiliary 
oil pump. Notwithstanding the quickness with which he 
acted, the babbitt in all four bearings had run, the gov 
ernor bushings were burned to the shaft, the cross-shaft 
bushings and cross-shaft badly cut, and the worm and 
worm gear so badly cut that they had to be replaced. 

The spindle did not come down far enough to damage 
the blading, although the ends of some were bright where 
they had started to rub. Excellent codperation on the 
part of the builders and ourselves enabled us to have the 
machine back on the line in 82 hr. 
herewith. 

The breakdown was unusual, as the makers state that 
they have had only one case like it and therefore do not 
consider that automatic devices to start the other pump 


The machine is shown 


as soon as the pressure drops are necessary, 
Clinton, Towa. R. FE. 
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Home-eMade Pump-Speed 
Regulator 
The accompanying sketch is of a home-made pump- 


speed regulator working on a 9&514x12-in. boiler-feed 
pump. It did away with an $80 pump regulator and also 
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PIPING FOR 


REGULATING 


STEAM SUPPLY 
the trouble of cut valve seats and disks where one size of 
throttle valve is used and cracked to regulate the flow of 
steam. The pump speed required can be maintained with 
whatever valve is used wide open or opened at least 
enough to overcome the cutting. If one open valve is not 
enough to maintain the pump speed, a larger one is 
opened, 

This throttling outfit has been in use every day for six 
months. It has shown no leakage, nor have the valve 
disks been renewed. Joun J. Brewer. 


Ray Brook, N. Y. 
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Centrifugal Effect in Belting 


Enough is not yet known about the relation between 
the slack belt and centrifugal tension. Manufacturers 
advise operatives to run belts slack because, with proper 
care, they pull very well indeed, without slip; yet the 
centrifugal- tension bugaboo continues to be thrust for- 
ward as though it 
were worthy of con- 
sideration. Centrifu- 
~f gal effects exist, true 
enough. There can be 
no doubt about it. I 
have seen a_ photo- 
graph of an india-rub- 
ber belt moving at a 
high speed, as indi- 
cated in Fig. 1, where 
the lower pulley was 
not even touched by 
the belt and was at a 
standstill, while the 
belt kept running. 
That, however, was a 
vertical belt, and it 
was not slack. Had it 
been horizontal and 
slack, I am of the 
opinion that it would 
have behaved just like 
a regular horizontal 
slack-belt drive as 
shown in Fig. 2. Now 
my arguments in favor of the slack belt are these: 

According to the formula centrifugal force f depends 
entirely upon velocity in a curved path. Hence, does it 
not seem reasonable to claim that in Fig. 2 all of the ill 
effects due to centrifugal tension are counterbalanced ? 
Since the belt is running at the same speed all over, it 
is impossible for variation to exist in any part. The 
formula therefore shows that the centrifugal tension in 
the portion of the belt traveling around pulley A is exactly 
the same as the centrifugal tension in the portion of the 
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FIG. 1. ELASTIC BELT AT 
HIGH SPEED 
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FIG. 2. SLACK BELT FOLLOWING PULLEY CURVATURE 


belt traveling around pulley 2, and between the pulleys 
we have the slack side of the belt traveling around the 
center in the air with radius Rk. The centrifugal tension 
there, according to the formula, should exactly counterbal- 
ance the other two, and I can see no reason why there 
should be any tendency for the belt to “fly off the pulleys.” 
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Personally I have never had any trouble with centrifu- 
gal tension, and I have run belts at pretty high speeds ; 
but I am told by experienced belt men that when a high- 
speed belt approaches the small pulley it has a tendency 
to lift up and follow the dotted line, over pulley B. 

Perhaps this lifting occurs where the belt is not slack 
enough. If the horizontal belt is tight, it will very likely 
want to follow the tactics exhibited in Fig. 1. Where 
there is plenty of slack, however, and where there are no 
“waves” in the belt, the formula plainly shows that cen- 
trifugal tensions are counterbalanced. 

The only harmful effect centrifugal tension can have 
in a slack belt, then, is the reduction of useful pulling 
strength. I have figured that where lapped and riveted 
belts run at a speed of two miles per minute, the useful 
pulling strength is all gone. The belt is liable to burst 
at any moment, owing to centrifugal tension alone. 

New York City. S. F. Witson, 
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Salary Out of Proportion 


On June 1, 1914, I assumed the duties of chief engi- 
neer at a United States Indian School in the West—this 
was my fourteenth year as an engineer in the United 
States Civil Service. The plant consists of two Scotch 
marine boilers rated at 150 hp. each, one of them to be in 
service at all times. I found scale in them from 1% to 34 
in. thick—in some places solid between the flues, so that 
it had to be chipped out with a hammer and chisel. 

I found one branch of the exhaust line connected to the 
condenser and the other to a 500-hp. feed-water heater, 
with no way to shut off the condenser and no way to use 
the exhaust when we did not need the condensed steam 
for making ice. The heating system was not connected so 
as to use the exhaust steam. 

I shall not try to describe the so-called hot-water heat- 
ing system except to say that the hot water left the power 
house in a 4-in. pipe, went to the first building and was 
supposed to heat it and then go back into the same pipe 
and heat the next building, and so on around the grounds. 
The designer deserves a leather medal. The water was 
partly heated by the exhaust steam. <A reducing valve, 
intended to pass live steam into the exhaust, was fixed so 
that the weight held the valve closed instead of open. | 
was told that this valve never did work and am not sur- 
prised that it did not. 

The steam trap to handle the condensate from a large 
mangle in the laundry was connected up backward, and 
the bleeder had to be kept open all of the time and the 
water allowed to run across the floor into the sewer. 
Another trap was completely filled with scale and dirt, 
and the only way to get action was to open the bypass and 
blow the water out on the ground. All the cooking for 
the six or seven hundred Indians is done by steam, and 
the trap under the kitchen was full of dirt and scale and 
the bypass was used. 

The cost of fuel oil for the power house for the fiscal 
vear from July 1, 1913, to July 1, 1914, was $3,600, but 
for the year following (to July 1, 1915) it was only 
$2,365.84, making a saving of $1,234.16; also the total 
bill for electricity was $338.11 less than it was the pre- 
vious year, making a net saving in my department of 
$1,572.27, which was $272.27 more than my salary during 
the same period. R. A. Perry. 

Phoenix, Ariz. 
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Regulation of Oil Burners—In burning oil for generation 
of steam by the use of steam-spray burners, how can it be 
known how to regulate the supply of oil and steam to the 
best advantage? M. H. 

When the burner valves and the air supply are correctly 
adjusted, the flame is a bright white and there is no smoke. 
When starting, the oil should first be turned on and ignited 
and then the steam should be turned on. The valves con- 
trolling the oil and steam can best be regulated for obtaining 
the proper mixture by observing the top of the smoke-stack 
and the color of the fire. If there is too much steam, it will 
be seen surrounding the burning spray and issuing from the 
smoke-stack; if the steam supply is too small, there will be 
imperfect atomization that will be indicated by scintillating 
sparks. If the air supply is too small in proportion, the color 
of the flame will become red and smoke will issue from the 
stack. 


Equivalent Evaporation—How many pounds of water 
would have to be evaporated from feed water at a tempera- 
ture of 210 deg. F. into dry saturated steam at 145 lb. per sq.in. 
gage pressure to be equivalent to the evaporation of 34.5 Ib. 
of water from and at 212 deg. F.? R. B. 

Each pound of the feed water at 210 deg. F. would contain 
210 — 32 = 178 B.t.u. above 32 deg. F., and as a pound of dry 
saturated steam at 145 lb. gage, or about 160 lb. absolute, con- 
tains 1,194.5 B.t.u. above 32 deg. F., each pound of the feed 
water converted into steam under the conditions stated would 
require 1,194.5 — 178 = 1,016.5 B.t.u. The heat required for 
the evaporation of a pound of water from and at 212 deg. F., 
or thé latent heat of evaporation at atmospheric pressure, is 
970.4 B.t.u., and under the conditions stated, each pound of 
the feed water would require 1,016.5 + 970.4, or 1.0475, times 
as much heat as if evaporated from and at 212 deg. F.; and 
therefore the evaporation of 34.5 = 1.0475, or 32.93 lb. of 
water, would be equivalent to the evaporation of 34.5 lb. of 
water from and at 212 deg. F. 


Thickness Required for Dished Head—What thickness 
would be required for an unstayed bumped head with a work- 
ing pressure of 190 lb. per sq.in. on the concave side if the 
head is dished to a radius of 42 in., when made of steel plate 
of 60,000 Ib. tensile strength? G. os. 

The formula of the A. S. M. E. Boiler Code for thickness of 
unstayed dished heads with the pressure on the concave side, 
when the head is a segment of a sphere, is 
5.5xPxL 


t - 








1 
2x TS 8 
where 
t = Thickness of plate, in.; 
P = Maximum allowable working pressure, Ib. 
TS = Tensile strength, lb. per sq.in.; 
IL. = Radius to which the head is dished, in 
Substituting the values given in the 
becomes 


per sq.in.; 


question the formula 
5.5 X 190 x 42 1 

t Ee SN ESS ae 

2 * 60,000 8 

or practically the thickness of the plate should be % in. 


0.49075 in 


To Measure Angle of Advance of Eccentrie—How can the 
number of degrees of angular advance of an engine eccentric 
be measured? Gg: 2. 

When there is an outside admission valve and the valve 
gear has no rocker for moving the valve in a direction re- 
verse to the motion of the eccentric rod, the angular advance 
of the eccentric will be the number of degrees it is more than 
90 deg. ahead of the crank. To find the number of degrees 
of advance, turn the engine forward and mark the periphery 
of the wheel with reference to a stationary object when the 
eccentric rod or valve stem is in the middle of its travel, and 
moving the engine forward make a similar mark on the wheel 
with reference to the same stationary object when the crank 
arrives on the center. The distarce between the two marks 
measured circumferentially on the wheel will be the angle of 
advance laid off on the periphery cf the wheel. This distance 
multiplied by 360 and divided by the wheel circumference on 
which the distance was measured will 
degrees of angular advance of the eccentric. 

When there is an outside admission valve and a rocker 
that moves the valve in a reverse direction to the motion of 


give the number of 


the eccentric rod, the angular advance will be the 
degrees the eccentric is less than 90 deg. behind the crank. 
To measure this, first place the crank on either center, and 
after marking the periphery of the wheeel with reference to 
a stationary object, turn the engine forward until the eccen- 
tric rod or valve stem is in the middle of its travel, and make 
a similar mark on the periphery of the wheel with reference 
to the same stationary object. The distance between the two 
marks measured circumferentially on the wheel will be the 
angle that the eccentric is behind the crank, and this distance 
multiplied by 360, divided by the wheel circumference and 
subtracted from 90 will be the angle of advance in degrees. 
When there is an inside admission valve and no reversing 
rocker, the angle of advance is found the same as with an 
outside admission valve and a reversing rocker, and vice versa. 


number of 


Measuring for Length of Connecting-Rod—How would the 
measurement be taken for the length of a new engine con- 
necting-rod without referring to the old rod? K. S. 

The length of the connecting-rod is designated by the 
distance from the center of the crosshead pin to the center of 
the crankpin and should be such that the clearance will be 
the same between the piston and the end of the cylinder at 
each end of the stroke. To find the distance between centers 


that will fulfill this condition, disconnect the old 
piston 


rod, move 


the crosshead, piston and rod until the piston is 





brought up against one end of the cylinder, as in Fig. 1, and 
make a mark A on the crosshead corresponding with a mark 
B made on the guide. Then move the crosshead, piston rod 
and piston in the opposite direction until the piston strikes 





FIG. 2 
i 
Fig. 2, and make 
with the mark 


the other end of the cylinder, as shown in 
another mark C on the guide corresponding 
previously made on the crosshead. 

Next locate a third mark D on the guide midway between 
the first and second marks on the guide and move the cross- 
head cnd piston to such a position that the mark A made on 





FIG. 3 c~ 


the crosshead corresponds with the middle mark D as shown 
in Fig. 3. With the crosshead in this position the proper 
length for the connecting-rod can be found by taking the 
distance E from the center of the crosshead pin to the center 
of the shaft. Or if it is more convenient to measure from the 











crosshead pin to the crankpin, move the crosshead to either 
side of the middle mark D on the guide a distance R equal 
! 
| o- F = Hf 
4 eS ee eee an 
IRs I A r o 
ae D a 
‘ F6.4 © <R> 
to the radius of the crank, as shown in Fig. 4, and with the 


the center 
obtain the 


crank on 
crosshead, 


corresponding to 
distance F 


the 
with a 
length end to end will be the distance from the crosshead pin 


the 
whose 


position of 


gage stick 


to the crankpin. This 
of each pin will be the 
the connecting-rod. 


distance plus one-half 


center-to-center length 


the 
required for 


diameter 


[Correspondents sending us inquiries should sign their 
communications with full names and post office addresses. 
This is necessary to guarantee the good faith of the communi- 
cations and for the inauiries to receive attention.—Editor. 
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Americam Society of Mechanical 
Engineers’ Boiler Code* 
By S. F. Jerert 


It is no longer a question of whether we shall have laws 
on the subject of boiler design, construction and operation, 
but rather what these laws shall be. 

With the wave of “Safety First” that has swept the country 
and the consequent demand for legislation on the subject of 
boiler construction and operation, it behooves the steam user 
to see that his interests are not overlooked. It is not meant 
by this that opposition should be made to any sane legislation 
on this subject, for the steam user should not and will not be 
opposed to any necessary regulation for safety in regard to 
either the operation or construction of boilers. 

The boiler user, from a financial standpoint, is mainly 
concerned in seeing that his competitors do not enjoy im- 
munity from regulation with which he must comply, and the 
average user would not consider it a particular hardship if 
he were compelled to adopt measures the benefits of which 
might be debatable, provided his competitors were compelled 
to follow the same rules. 

Why is a steam user vitally interested in having one set 
of rules govern the construction of all boilers? 

The consumer pays the extra cost of the product manu- 
factured under adverse conditions. While it may not be of 
vital importance to the user of a boiler whether the stays 
are to be spaced 6 in. or 6% in. apart, whether the steel 
of which the shell is constructed is to have a maximum ten- 
sile strength of 60,000 or 65,000 lb. per sq.in., or whether it 
must be of the flange or firebox grade, it is necessary for the 
boiler manufacturer, in order to produce this boiler eco- 
nomically, to know beforehand the kind of stock he should 
order and the rules that must be followed in the construction 
of the boiler in order that he may purchase in quantities and 
handle his product through the shop in an economical manner. 
In order that he may do this, he should be required to build 
boilers to only one standard code and not be obliged to meet 
varying requirements in every different state or city. Even 
with the limited number of laws now in force, it is difficult 
to design and manufacture a boiler to meet the requirements 
of the rules of the several states, and unless uniform rules 
are adopted, the boiler user is the one who will feel the result 
of added cost without compensating benefit. 


A NATIONAL COMMISSION NOT PRACTICABLE 


Since the requirements governing safety in the construc- 
tion of boilers must be uniform to be logical and to secure 
the greatest return to the boiler purchaser, it follows that they 
should emanate from the same source. If it were not for inter- 
ference with states’ rights, it would appear that the appoint- 
ment of a commission by the National Government would be 
the way to decide the matter, but a commission appointed 
for such purpose would naturally be given authority to decide 
positively all questions without regard to the complaints of 
those who might be affected by their rulings, and the result 
might not be as expected or desired. 

If each state acts independently in the matter, there 
ean of course be no uniformity in the rules, and none of the 
rules thus drafted can possibly be the best, for they would 
not represent the combined wisdom of the different boards 
drafting them. 


The American Society of Mechanical Engineers, in 1911, 
recognizing the chaotic condition that was fast being ap- 


proached by the adoption by the separate states of rules gov- 
erning the construction of boilers, appointed a committee to 
draft a set of such rules that might be used by the various 
states as a guide in the making of rules to govern boiler con- 
struction when adopting boiler laws. The original committee 
of six members was augmented to four times that number 
by the appointment of an advisory committee. This com- 
mittee distributed upward of two thousand printed copies of 
the tentative code, and invited the coéperation and discussion 
not only of every engineer who had special knowledge upon 
the subject, but of all the interests affected, and only after 
innumerable discussions and hearings was the code in its 
present form approved by the foremost engineering society 
of this country, so far as that society ever approves a docu- 
ment of this character. 

The code thus produced 
cism, and no set of 


is by no 
rules for a 


criti- 
may 


means 
similar 


beyond 
purpose 


*Abstract of paper presented at the annual meeting of the 
National Association of Cotton Manufacturers, Boston, Mass., 
Apr. 27. 

7Chief Engineer, 
Insurance Co. 


Hartford Steam Boiler Inspection and 
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be drafted without being open to criticism at some points; 
but it is safe to say that this boiler code is the most com- 
plete and logical set of rules governing the construction 
of steam boilers in existence today, and is advocated and 
backed by practically every interest connected with the 
manufacture and use of steam _ boilers. Its staunchest 
supporters are those most directly affected by its require- 
ments, and the benefits to be gained by such supporters 
through its adoption are largely of an indirect character. 
The boiler manufacturers who were actively engaged in the 
work of compiling the boiler code were without doubt the 
ones who received the least consideration in regard to the 
possible effect of the code provisions on their standard designs 
or methods of construction. The code is free from any attempt 
to favor any particular type or design of boiler or particular 
method of construction. It has no effect or influence on boiler 
design, except in regard to safety, and as long as the designer 
keeps within prescribed limits for stresses and uses materials 
that practice has demonstrated as really reliable for the pur- 
pose, his inventive genius will not be hampered in the least. 

The boiler code does not attempt to influence the size or 
pressure required for a boiler intended to met the particular 
needs of a steam user, and the advice of your engineer in 
determining such questions is as much in demand as ever; 
but instead of being occupied in looking after details of boiler 
design connected with safety, your engineer will be free to 
make a more careful study of the possibilities in regard to 
economical operation, and it is in this direction that you really 
expect to receive returns from expenditure made in retaining 
a consulting engineer. 


A. S. M. E. CODE BEST SET OF RULES AVAILABLE 


If the need for adopting the same set of rules in each state 
where laws are proposed to govern the construction of boilers 
is admitted—and it does not seem possible that the least 
thought on the subject can lead to any other conclusion from 





the steam users’ standpoint—then the American Society of 
Mechanical Engineers’ Boiler Code is practically the only 


set of rules available for such use. All disputed points in 
connection with these rules have been fought out with the 
parties interested, and a conclusion reached; and any attempt 
at selecting a different set of rules would mean that the 
same ground would have to be fought over again, with the 
probable arrival at the same conclusion if a like amount of 
careful consideration was given to it. 

This code has already had the approval of many of the 
largest steam users in the country, and it is surprising to 
find the number who are today ordering their new boiler 
equipment built in accordance with its requirements, when the 
short length of time that this code has been in existence is 
considered. The boiler manufacturers throughout the country 
have adopted the code through their different organizations, 
and the boiler-insurance interests are unanimous in their 
approval of its provisions. 

It should be thoroughiy understood that the boiler code 
is purely a code of rules by which the construction of new 
boilers may be governed and the safe maximum allowable 
working pressure for both old and new fixed, and that it has 
absolutely nothing to do with the law that is required to com- 
pel compliance with its provisions. There is nothing in the 
yoiler code to prevent its use as an alternative for rules 
already used in a state, and that such an arrangement is en- 
tirely practical is evidenced by its use in this manner by such 
states as Ohio, Wisconsin and Indiana, and by the City of De- 
troit, all of which will accept boilers built under code require- 
ments in lieu of the construction called for by their own par- 
ticular rules. 


SEVERAL STATES ADOPT A. S. M. E. CODE 


On July 1 of this year the State of Pennsylvania will re- 
quire that all boilers used in that state, and which are not 
under municipal law, comply with the provisions of the 
American Society of Mechanical Engineers’ Boiler Code, and 
the State of California will take the same step the first of 
the coming year; in fact, every state in the Union that has 
a state boiler law, with the single exception of the Common- 
wealth of Massachusetts has either adopted the American 
Society of Mechanical Engineers’ Boiler Code or will accep’ 
boilers built under its provisions in lieu of their own require- 
ments. 

The brunt of the fight for uniform rules to govern boiler 
construction has been carried on thus far by the boiler 
manufacturer, but since the steam user is the one who will 
ultimately derive the greatest benefit from the attainment of 
the desired end, in that he will secure the greatest return 
for his investment in boiler equipment, it would seem only 
right that, as the project has been so auspiciously launched, 
the steam users, through such associations as the National 
Association of Cotton Manufacturers, should lend their ful! co- 
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operation in carrying the work to a complete and successful 
finish. The question is not whether the steam user shall 
seek the enactment of boiler laws, but when such laws are 
thrust upon him, whether he shall demand that a known set 
of rules governing boiler construction be used, or be content 
to sit still and take whatever rules happen to be furnished. 
Will you feel safe to have the construction of boilers you 
may purchase governed by a code put out by the foremost 
engineering society of the country, and like that which will be 
used by a majority of your competitors and purchased under 
as favorable conditions, or do you desire special frills that 
may be demanded by local rules at a considerable advance in 
price over the standard product? 


Humidity and Its Measurement 
By KENNETH G. SmMItTH* 


According to the Law of Partial Pressures, commonly 
known as Dalton’s Law, two gases at the same temperature 
do not interfere with each other’s pressures when mixed, 
provided there is no chemical action. cach one exerts the 
same pressure that it would at the given temperature if the 
other were not present. The total pressure is the sum of the 
pressures of the two gases. Experiment shows that this law 
holds good for a mixture of gas and vapor such as water 
vapor and air. Taking water vapor and air as an example, if 
Pa is the air pressure and Po the vapor pressure, then Pa + 
Po = Pt = total pressure of vapor and air. If the vapor is 
saturated, the temperature of the mixture is definitely fixed 
at the saturation temperature corresponding to the pressure 
Pt. If the temperature is higher than the saturation tempera- 
ture at the given pressure, the vapor is superheated. Water 
vapor in the atmosphere is superheated except on damp, foggy 
days, when the water vapor is saturated, or say, the 
air is saturated with moisture. 

The weight of a cubic foot of superheated vapor is less than 
the weight of a cubic foot of saturated vapor. If m, is the 
weight of a cubic foot of saturated vapor and my, weight of 
a cubic foot of superheated vapor at the same temperature, 


as we 


m2 - 
then the ratio — expressed in per cent. is called the humidity 


of the air cmtaibinn the vapor. That is, it is the ratio of the 
moisture actually contained in the air to that which the air 
could contain at that temperature if saturated. 

If a mixture of air and superheated vapor is cooled at con- 
stant pressure (say atmospheric pressure), it will finally reach 
a point where the vapor becomes saturated instead of super- 
heated and further cooling results in condensation. The tem- 
perature at which condensation besins is called the dew point. 
This is simply the saturation temperature for the given pres- 


sure. The gas law PV = constant, which we may assume 
holds good for low vapor pressures, gives us the means of 


M2 

ratio — already referred to as the humidity. 
m, 

Let P;V, represent the condition of saturated vapor at the 


given temperature and P.V. its actual condition at this tem- 


calculating the 


perature—that is, in its superheated state. Then 
Ps Vi 
P.V2 P,.V; and — _— 
Pr, Vv 


If the vapor is cooled at a constant pressure P. down to the 
saturation temperature—that is, to the dew point—then since 


Ps 1 
P, is unchanged the ratio — — still holds good; now sub- 
P, Ve 
stituting for the volumes per cubic foot, their reciprocals, the 
P2 Me 
weights per cubic foot, — = —. 
P; m, 


Hence, the humidity in per cent. is equal to the ratio of 
the pressure corresponding to the dew point to the saturation 


pressure corresponding to the temperature of the mixture. 
An example will make this method of measuring humidity 
clear. Suppose that air has a temperature of 70 deg. and the 


dew point is found to be 50 deg. What are the humidity and 
weight of vapor per cubic foot? From a table of vapor pres- 
sure we find that at 55 deg. the saturation pressure is 0.436 
in. of mercury. At 75 deg. the saturation pressure is 0.8735 in. 
0.436 
The humidity is then — -- 
0.8735 
nearly. If the air were saturated at 75 deg., 
9.36 grains of moisture per cubic foot. Hence, at 50-per cent. 
saturation it contains 9.36 « 0.5 = 4.68 grains per cubie foot. 
To measure moisture in this way would be difficult under 
other than laboratory conditions, and for that reason another 


of mercury. 





50 per cent, very 


it would contain 


*Professor 


engineering 
the “Iowa 


Engineer.” 


extension, Towa State College, in 
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method, using a wet- and a dry-bulb thermometer, has been 
adopted. The dry-bulb thermometer is simply an ordinary 
Fahrenheit thermometer. The wet-bulb instrument is exactly 
the same except that it has a piece of muslin or other porous 
material wrapped around the bulb and saturated with water. 
When both are exposed to the air, the wet-bulb thermometer 
immediately falls to a lower temperature than the other, 
owing to the fact that the evaporation of the moisture in the 
cloth requires heat. 
tion and the 
difference in 


The drier the air the more the evapora- 
greater the drop in temperature. From the 
temperature between the wet- and dry-bulb 
thermometers the humidity may be calculated. In practice it 
is not calculated, but read directly from a table or curve.' 

One might naturally ask the reason for the fixed tempera- 
ture to which the wet-bulb thermometer drops. This temper- 
ature is known as the temperature of adiabatic saturation and 
is fixed for any dry-bulb temperature and percentage of 
humidity. To understand this statement, imagine three ther- 
mometers placed in a body of air to which moisture is to be 
added without exchange of heat with any source outside of 
the air and water. The first thermometer is arranged to 
show the dew point and reads the lowest. The second, or dry- 
bulb, thermometer shows the dry-bulb temperature or, as we 
call it, the temperature of the air. The third 
shows a temperature between the dry-bulb 
the dew point. To make the case concrete, take, for example, 
air at 70 deg. and 33 per cent. saturated. Then the conditions 
are as follows: Dry-bulb temperature, 70 deg.; dew point, 39 
deg.; wet-bulb temperature, 54 deg. 

If now a fine spray of water having a temperature higher 
than 39 deg. is introduced, the air absorbs moisture with the 
result that the dry-bulb temperature drops at once, the dew- 
point temperature rises and the wet-bulb temperature remains 
stationary. The reason is that the total 
constant. The heat required to 
rendered latent, and the sensible 
bulb thermometer becomes 


thermometer 
temperature and 


heat of the air is 
evaporate the moisture is 
heat as shown by the dry 
less, but the sum of latent and 
sensible heat is constant. If moisture continues to be added, 
the dew-point temperature continues to rise, the dry-bulb 
temperature continues to fall until all three are stationary at 
the wet-bulb temperature, when the air is saturated. The 
total heat of the air is the same as it was before the moisture 
was added, but it contains more latent and less sensible heat. 
On the total heat the wet-bulb 
therefore it is fixed for any 
humidity, because the total 
condition is fixed. 


temperature depends, and 
temperature and percentage of 
heat of the air in the given 


In the example given the percentage of 


humidity may be 
calculated if we know the dry- and wet-bulb temperatures. 


These are as given, dry-bulb 70 deg., wet-bulb 54 deg. The 
temperature of adiabatic saturation is 54 deg., and at this 
temperature the air contains 62.14 grains per pound when 


saturated. The total heat of the mixture equals the heat of 
the air plus the heat of the moisture, or 
1,984.7 * 62.14 
——— 22.44 


7.000 


0.2375 x 54 +4 3. t.u. 
Since the total heat of the air is constant during the change, 
the total heat at 70 deg. equals the total heat at 


54 deg., or 
0.2375 xX 


70 + (1,084.7) + 0.48 K 16 * X =.22.44 
X = Grains of moisture in air at 70 deg. 

0.48 = Specific heat of the vapor. 

Solving for X, we have X 37.2 grains per pound of air. 

Since saturated air at 70 deg. contains 110.01 grains per 
a7 9 

pound, the humidity is - mnie 33 per cent. 

110.01 


The Increasing Influence 
of the Engineer* 


A society such as this, which is composed of engineers in 
many special branches, is doubtless of more value to the in- 
dividual members than some of the other more closely drawn 
technical societies and institutes. Further than this, most of 
the men board tonight are the active, 
hustling profession who are engaged in di- 
recting both men and the forces of the world to produce some 
organization, some plant or that 
only render a service to some of our fellow-men, but 
operate both economically and profitably for the 
or corporation for which the work is done. 


around this 


members of the 


seated 


some shall not 
shall 


individual 


installation 


‘A psychrometric chart for this purpose was printed in 
“Power,” Mar. 28, 1916, page 435. 

*From an address prepared for the New England Associa- 
tion of Commercial Engineers, Revere House, Boston, Mass., 


Mar. 18, 1916, by John J. Hines, consulting engineer. Halifax 
N. S 
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As I grow older, it becomes impressed on me more and 
more that the engineer is becoming a greater factor in civiliz- 
ation every day. It is upon him that our social and indus- 
trial life depends more than on any other individual. It is 
he who has constructed our railroads, built and driven our 
ships, laid our cables, erected our factories, reclaimed our 
waste places, spanned our rivers, built our highways, con- 
structed our telegraph and telephone lines, separated cur con- 
tinents to provide short water routes for navigation and per- 
formed the many mighty tasks that have advanced civiliza- 
tion more in the last one hundred years than it advanced in 
the previous twenty centuries. 

Up to the present the men who have made our laws and di- 
rected the destinies of nations have been for the most part 
lawyers, glib-tongued politicians or wealthy aristocrats. The 
time is coming shortly when the engineer will sit in the 
councils of state and exert his influence in the efficient and 
economical organization of society that sane and progressive 
thinkers are demanding of national governments. In the 
recent progress toward municipal administration by a single 
city manager, the men who have been given the concentrate:l 
power in the places that have adopted this plan have almost in- 
variably been engineers. This should be a great source of 
satisfaction to us, but we should realize our growing “e- 
sponsibilities and try to make ourselves as thoroughly wise 
and efficient as possible. 

Some people have placed the pure scientist, who works only 
for the love of science, above the practical engineer, who 
works for profit and who is engaged in installing machinery, 
plants, ete., for others to operate for a profit. This is not 
as it should be. One should be regarded for the service which 
he renders to others, for the forces which be controls anl 
directs for the good of mankind. If the scientist will not 
bend his energies to develop anything of immediate utility, 
he should not be placed in the social scale above the engineer 
that turns a stream into a desert land or the one that installs 
a ventilation system in a school that the pupils may always 
have the proper amount of fresh air. The engineer is en- 
titled to all that he can make by rendering the forces of 
nature in some way serviceable to mankind. 


Commercial Lighting* 


Commercial lighting embraces the lighting of stores, factu- 
ries, churches, halls and other places .of a public or semi- 
public nature. It is in this field, since the introducton of 
electric lighting, that gas has met the most severe competition. 
In efliciency which leads to economy, gas has always suc- 
cessfully met electric competition, but the advantage of econ- 
omy in operating costs, formerly so beneficial to the gas in- 
dustry, does not exist to the same extent today. 

In considering the comparative costs of illumination by gas 
and electricity, there must be taken into account the cost of 
gas or of electric energy, the eriiciency of the units used and 
the cost of their upkeep. A few years ago the averagy 
medium-sized store could be illuminated by three upright gas 
lamps at a cost of $76 per year, including gas and mainte- 
nance. The cost to illuminate such a store by electricity with 
earbon lamps was about $385. The inverted gas are lamp 
made it possible to light a similar store for $55, compared 
with $95 using tungsten lamps. Today, with the most effi- 
cient units available, the cost would be $51 for gas and $60 
for electricity. 

In these comparisons gas is figured at $1 per 1,000 cu.ft., 
and electricity at 10c. per kw.-hr.; and, while it is true many 
companies are selling gas much lower than $1 per 1,000, it 
must be recognized that electric companies have largely 
adopted the demand system of charging for current, and 
though the base rate for a few hours’ burning may be 10c. 
per kw.-hr., the excess after one hour’s average daily burn- 
ing is secured at a much lower rate. For the average com- 
mercial installation this would mean that the low rate would 
be secured for the current used in excess of $3 per month, 
and in many instances much less than this amount. The 
newer lamps, with their lessened demand, will result in a 
still lower amount to which the base rate will be applicable. 
However, the costs of illumination with gas and electricity 
have been decreased principally by the increased efficiency of 
the lamps. Today 382 cp. is secvred with 1 cu.ft. of gas, as 
compared with 17 cp. a few years ago. The increase in effi- 
ciency of the electric units has even exceeded that of the gas 
units, and it is now possible to secure 13 cp. with a consump- 
tion of 10 watts, where a few years ago it was necessary to 
use 10 watts for 3 ep. These figures show that the advant- 
ace of low operating costs for gas has decreased materially. 


*Excerpt in “Journal of the Franklin Institute,” of an 
article by. E. M. Colquhoun, in “American Gas Light Journal.” 
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Air-Lift Pumps and Compres- 
sor Capacities 


The formula commonly employed in obtaining the size of 
air compressor for an air lift is 


Free air in cu.ft. per min. = —— 
125 
In some cases this formula serves admirably; but, since it 
takes no account of the depth of submersion, its general ap- 
plication is fraught with no little danger to the designer’s 
reputation. 
The over-all efficiency, 


__ Work done in lifting water 
Indicated work in engine cylinder 

lies generally between 25- and 45-per cent. limits, which 
are too wide to permit of any efficiency guarantee being given 
with a particular plant. With a well-proportioned pump the 
minimum over-all efficiency ought to be 30 per cent. Allowing 
75 per cent. for the compressor efficiency, then the work done 
in lifting the water should be about 40 per cent. of the indi- 
cated work in the cylinder of the compressor. 

The following formula takes the submergence into account 
and is therefore of much wider application. Let 

Lift = L ft. (measured from surface of the water while 
pumping to delivery outlet); 

Submergence = § ft. (in good plants S is about 2 L); 

Va cu.ft. = Volume of free air used per second; 

Palb. per sq.ft. = Atmospheric pressure, equivalent to 34 
ft. of water; 

P,lb. per sq.ft. = Pressure at foot of rising main; 

Vw cu.ft. = Volume of water raised per second. 
Then 

ees = = Therefore p 

Now, assuming isothermal compression, the work done on the 
air by the ccmpressor per second 


en+1 
«84 


Pa tt.-lb. 
Pa 


PaVa loge 
= 2.3 PaVa log,, s ft.-lb. 
a 


P 
= 2.3 X 14.7 X 144Va lomo py ft.-lb, 


ll 


4,869 Va log,, Ps ft.-lo. 
a 


Then work done in lifting Vw 
of L ft. 


cu.ft. of water through a lift 


= 62.4Vw X L ft.-lb. 

work done in lifting water 
indicated work in compressor 
_ 62.4Vw X L 

4,869 Va log 


Therefore efficiency = 





P, 
10 Dy 
= say, 7 
62 4Vw X L 
Ss 
4,869 X n X logy, (5 — 1) 





Ther fore Va = 


Therefore. Free air in cu.ft. per min. 


= Va X 60 





62.4 X cu ft. of water per min. x L 
Ss 
4,869 X » X logy, 34 + 1) 
10 X gal. of water per min. X lift 
5 
4,869 X 9 X logio (5 = 1) 
ral. of water per min. X lift 


Ss 
487 X 9 X log,; GG + 1) 








Assuming 7 = 0.4, or 40 per cent,, then the following simple 
formula is obtained: 


water in gal. per min. X lift 


Ss 
195 X logy (5 os 1) 


In an actual compressor the compression is not isothermal, 
and the indicated work done on the air is therefore some- 





Free air in cut. per min. = 


P ‘ 

what greater than PaVa love P, Because of this the con- 
a 

stant 195 is usually taken in round figures as 200, and the 


formula is then in a form suitable for the draftsman’s use: 
water in gal. per min. X lift in ft. 
su’ mergence in ft. 
7 = +1) 





Free air in cu.ft. per min. = - 
200 X log, , ( 























May 2, 1916 


This expression has proved very suitable in obtaining the 
capacities of compressors for air lifts and is admittedly a 
great improvement on the older formula. 

There is still room for further experimental research upon 
the air-lift pump and many firms work almost entirely in the 
dark. It is in the hope of assisting such that the writer has 
devised the foregoing formula—‘“Mechanical World.” 





ENGINEERING AFFAIRS 








Brooklyn Association No. 8, N. A. 8. E., of Brooklyn, N. Y., 
at its last meeting was addressed by A. C. Lippincott, New 
York sales manager of the Keeler Boiler Co., who gave an in- 
teresting lecture on boilers, using a glass model demonstrat- 
ing the circulation in a Keeler boiler. 


The Louisiana Engineering Society at its regular meeting 
Apr. 10, in New Orleans, was addressed by Prof. Charles S. 
Williamson, Jr., of Tulane University, on “Industrial Re- 
sources of Louisiana,” and a resolution was adopted indors- 
ing the uniform Boiler Code of the American Society of Me- 
chanical Engineers. 


The National Gas Engine Association has hit upon a very 
creditable plan for serving its members, through the crea- 
tion of an exchange department. This is intended to meet 
the present difficulties in obtaining materials by having the 
members use this department as a sort of clearing house to 
advise one another of surplus stocks on hand. That is, as- 
sume that Smith & Co. have an over-stock of crankshafts 
than Brown Bros. could use to advantage, while Brown Bros. 
have a dead stock of cold-rolled shafting that is the very 
thing Smith & Co. have been trying to get delivery on. By 
use of the exchange department both will be enabled to 
clean up their dead stock, both get materials they are in 
great need of, and a customer’s order is filled on time. 


Massasoit Association, No. 2, of the N. A. S. E., of Spring- 
field, Mass., held its fourteenth annual banquet at the High- 
land Hotel on Saturday evening, Apr. 15. There were about 
150 present. Theodore N. Kelsey, past national president, was 
the toastmaster. Seated at the head table were Mayor Frank 
E. Stacy; Charles W. Winslow, secretary of the board of trade 
convention committee; National President Walter H. Damon, 
Past National Presidents William J. Reynolds, Herbert E. 
Stone and Royal D. Tomlinson, who made addresses in the 
order named. The other speakers included John F. Quinn, of 
Holyoke, James Henderson of Boston and Ernest R. Stevens 
of Somerville. The entertainment comprised numbers by 
David Oeol, John Brinson, Herbert Self, of the Peerless Rub- 
ber Manufacturing Co. and Jack Armour, of “Power.” The 
committee was E. J. Auger, H. D. Newton, A. G. Thompson 
and W. D. Packard. 


The Providence Engineering Society will hold its first 
annual dinner at the Narragansett Hotel, Wednesday, May 3. 
This dinner is intended to promote both the social and pro- 
fessional interests of all engineers in Rhode Island and vi- 
cinity. Frank B. Gibreth will be toastmaster and the 
speakers: Mayor Joseph H. Gainer, of Providence; President 
W.H. P. Faunce, of Brown University; Calvin W. Rice, sec- 
retary of the American Society of Mechanical Engineers; 
David B. Rushmore, engineer, General Electric Co., Schenec- 
tady, N. Y., representing the American Institute of Electrical 
Engineers; a speaker not yet chosen to represent the Amer- 
ican Society of Civil Engineers, and Henry A. Wise Wood, 
president of the Wood Newspaper Machinery Corporation and 
president of the American Society of Aéronautic Engineers, 
who will give an address on the subject, “The Wisdom and 
Ethics of Preparedness.” 
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PERSONALS 











H. O. Swoboda has been retained by the Borough of New 
3righton, Penn., as consulting engineer for the purpose of 
planning a new street-lighting system. 


Cc. A. Call who has for the past five years handled 
the advertising of the G-E Flow Meter has been appointed 
manager of Publicity for the Terry Steam Turbine Co., Hart- 
ford, Conn. 


James Clark, Jr., president of the James Clark, Jr., Elec- 
tric Co., manufacturing electrical equipment and tools, is 
now a Kentucky colonel on the official list, having been ap- 
pointed to the staff of Governor Stanley. 
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O. G. Smith, formerly with the Platt Iron Works Co., of 
Dayton, Ohio, has been appointed district manager for the 
National Transit Pump and Machine Co., in charge of its new 
branch offices in the Marquette Building, Chicago, Ill. 


George W. Martin and Jay Grant DeRemer have or- 
ganized an engineering firm with offices at 100 Broad- 
way, New York, for general practice in public utilities and 
industrial plants. The new company will also specialize in 
district heating work. 

J. D. Cudney, who for some time has been associated with 
the Alberger Gas Engine Co. and its subsidiary companies, 
the Alberger Heater Co. and Howard Iron Works, as sales 
manager, has recently left their employ and accepted the 
position of sales manager of the Rathbun-Jones Engineering 
Co., Toledo, Ohio, builders of the well-known Rathbun gas 
engine. 





NEW PUBLICATIONS 
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MECHANICAL ENGINEERS POCKET BOOK, Ninth Wdition. 
By William Kent. Published by John Wiley & Sons, New 
York, 1916. Size, 4x6% in.; 1,526 pages. “Price $5, net. 
This is the ninth edition of a book that needs no in- 

troduction to mechanical engineers. The rapid advance in 
engineering practice and standards during the past few 
years, or since the eighth edition was published in 1910, has 
rendered necessary the revision and condensing of nearly one- 
third the text and the addition of about 150 pages of new 
matter. Among the subjects thus affected are machine-shop 
practice, air, heating and ventilation, flow of water, pumps, 
coal, steam, boiler economy, steam turbines, cooling towers, re- 
frigeration, electrical engineering, illumination, materials and 
mechanics. The new A. §S. M. E. Boiler Code and the 
recently revised A. S. M. E. committee report on power tests 
are included. A large number of useful tables have been 
added, and a much needed improvement in the index has 
been made by enlarging it to over 5,000 titles. 


HANDBOOK OF CARBURETION. By Arthur B. Browne, con- 
sulting engineer. Published by John Wiley & Sons, New 
York City, 1916. Cloth, 6x9 in.; 137 pages; 47 illustrations. 
Price, $2. 

While this bookis written for the automobile engineer it 
should prove useful to anyone interested in the automatic reg- 
ulation of gas-air ratio in the gasoline engine. In the first 
chapter a relation is established between air and fuel veloci- 
ties for eight general types of carbureting apparatus. Unfortu- 
nately these types are described only by their titles. The 
second chapter contains a discussion of intake manifolds with 
illustrations of good and bad designs. 

The next three chapters, comprising one-third the book, 
give detailed directions for testing carburetors. These di- 
rections apply mostly to road tests of the complete car, al- 
though the direct determination of carburetor action by 
measuring the flow of air through an orifice in a thin plate or 
through a venturi meter is also explained. 

The author then outlines the chemical and thermal changes 
that occur in the cylinder and gives some interesting data on 
the effect of variation of air-gas ratio on power and thermal 
efficiency. He also considers the effect on carburetion of such 
physical conditions as temperature, barometric changes and 
heat properties of gasoline. 

The final chapter presents the author’s conception of the 
salient features of the carburetor of the future, the most im- 
portant of these being that the principles employed will 
permit the device to operate satisfactorily with varying fuel 
compositions and that the mixture of air and gas will have 
a constant relation. 


VALVES AND VALVE GEARS, Volume ITI: Gasoline, Gas and 
Oil Engines. By Franklin DeRonde Furman, professor of 
mechanism and machine design, Stevens Institute of Tech- 
nology. Published by John Wiley & Sons, New York City. 
Cloth; 6x9 in.; 190 pages; 170 illustrations. Price, $2. 

The first volume of this work relates to valve gears for 
steam engines and turbines and has previously been reviewed 
in “Power.” The present book is a carefully prepared outline 
of the operation and construction of internal-combustion 
engines, although it would seem that the valve mechanisms 
themselves are given a back seat. 

An idea of the ground covered may be gained from the 
section headings, which are: General Characteristics of In- 
ternal-Combustion Engines; Commercial Applications of Vari- 
ous Forms of Valves and Valve Gears to Gasoline Engines; 
Aéroplane Engines; The Gas Engine; Oil Engines; Diesel Oil 
Engines. 

The opening section gives an elementary survey of the 
subject describing two- and four-stroke-cycle principles of 
operation, devices used to prepare the fuel for ignition, igni- 
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tion methods, and concluding with suggestions for adjusting 
valves and for laying out cams. 

The next section contains directions for laying out valve 
gears of piston- and cylindrical-valve gasoline engines, and 
of automobile engines of the Franklin air-cooled, the Cadillac 
eight-cylinder V-type (the last two with poppet valves) and 
the Knight double-sleeve-valve engine. 

The aéroplane engines mentioned include the Curtiss V- 
type, the Salmson fixed-radial, and the Gnome and Gyro revolv- 
ing-radial types. The valve mechanisms used with these en- 
gines are described exhaustively. 

The section on gas engines contains a brief account of the 
Lenoir, Otto-Langen, Brayton, Otto and Clerk engines, all of 
which were developed between 1860 and 1880. The structural 
details of the gears and valves of the Allis-Chalmers and 
Westinghouse gas engines are illustrated and their operation 
explained. In this section the general methods of speed con- 
trol of gas engines are clearly discussed. 

The book concludes with descriptions of the Metz & Weiss, 
De La Vergne, Bolinder and Diesel oil engines, consideration 
being given to their general action and construction rather 
than to the valve mechanisms. 

Volume I of this work, “Valves and Valve Gears,” 
reviewed in ‘Power,’ Aug. 24, 1915, page 283. 
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Recent Court Decisions 
Digested by A. L. H. STREET 











Pollution of Water-Supply—Where land was leased for 
coal-mining purposes with such rights in the lessee to use the 
surface as should be reasonably necessary in carrying on the 
mining operations, the lessors had no right to so operate a 
sawmill on the land as to pollute an adjacent stream from 
which the lessee obtained its supply of water for use in its 
boilers, by discharging sawdust into the stream. (Kentucky 
Court of Appeals, Blue Grass Coal Corporation vs. Combs, 182 
“Southwestern Reporter,” 207.) 

Annulment of a Twenty-Five Year Franchise of the Tacoma 
Railway and Power Co. has been upheld by the United States 
Circuit Court of Appeals in a decision affirming the holding 
of the Federal District Court. The case was appealed by the 
Old Colony Trust Co., of Massachusetts, trustee for the bond- 
holders. The Federal courts sustained the decisions of the 
state courts in revoking the franchise because the company 
violated an agreement not to sell electricity for lighting. 
The City of Tacoma, Wash., gave a permit for limited light- 
ing service in 1908, which it revoked in 1913, following the 
completion of the municipal lighting plant. Upon the com- 
pany’s refusal to discontinue the lighting service the fran- 
chise was annulled. 


The Washington State Public Service Commission is with- 
out power to compel disclosures by public-service corpora- 
tions of their contracts, holds the State Supreme Court in 
denying the writ of mandate sought to compel the Spokane & 
Inland Empire Railway Co. to disclose the nature of a private 
power contract it had with the Washington Water Power Co. 
The public-service commission sought the writ on the ground 
that it had to know the nature of the private contract as a 
basis for rate making. “The state has no interest in appel- 
lant’s gains or losses in its private enterprises,” says the court 
in its ruling. “To hold that the commission could figure 
the appellant's private contracts as a basis for rate making 
would in turn compel the holding that appellant would be en- 
titled to take from the public enough to make good its losses 
in its private enterprises.’”’ The question involved in the deci- 
sion was whether the 1911 public-service law could be ex- 
tended so as to allow the public-service commission jurisdic- 
tion over power companies regardless of the business carried 
on. The ruling of the court that private contracts of such 
companies are immune from investigation is an important 
one, being the first adjudication of this question. 
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MISCELLANEOUS NEWS 











Lexington, Ky., is Considering an Anti-Smoke Ordinance 
drafted on the lines of the Des Moines measure by Mayor 
Rogers. 

The Smoke Abatement Lengue of Louisville, Frank N. 
Hartwell, of H. Verhoeff & Co., president, is promoting a 
movement to enact an effective smoke-prevention ordinance 
in Louisville, Ky. 

The Russian Ministry of Finanee is offering prizes for 
new methods of using alcohol in place of gasoline and for 
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substances that will serve for the denaturization of the spirit. 
The competition will remain open until Sept. 1 and the ad- 
judging of the prizes until Mar. 1, 1917. 


City Plant to Buy Electricity—Mayor Gill, of Seattle, be- 
lieves that the city may practice economy in its search for 
additional light and power by calling for bids to supply 22,000 
kw. of electric energy to the municipal plant, the city council 
reserving the right to purchase the plant of the successful 
bidder. 


The Number of Pumping Plants for irrigating land in three 
Southern states, according to W. B. Gregory in a paper at the 
spring meeting of the A. S. M. E. at New Orleans, is as fol- 
lows: Arkansas, 315 plants using 12,440 hp.; Louisiana, 1,007 
plants of 57,426-hp. capacity; Texas, 575 plants having 48,179 
hp.; in all, 1,897 plants aggregating 118,045 hp. 

Boiler Code Valves—The following manufacturers have ad- 
vised that they are prepared to supply valves built to meet 
the requirements of the A. S. M. E. Boiler Code. American 
Steam Gage and Valve Manufacturing Co., Boston; The Ash- 
ton Valve Co., Boston; The Consolidated Safety Valve Co., New 
York; Crane Co., Chicago; Crosby Steam Gage & Valve Co., 
Boston; The Lunkenheimer Co., Cincinnati. 

Washington Water-Power Survey—The survey of the wa- 
ter powers of the Cascade Range in Washington will be 
completed within the present year, and the state geological 
survey will then be ready to furnish information in detail of 
the 5,000,000 hp. in the streams of the Cascades. The water- 
power survey was started in 1909 and will be finished with 
the mapping of the river profiles of the Nooksack River and 
all its branches. 


Municipal Lighting Plant Raises Rates—The City of El- 
lensburg, Wash., after several years’ operation of its munic- 
ipal lighting and power plant finds that a great many out- 
standing lighting-department warrants have not been paid 
for over three years and cannot be paid unless additional 
funds are forthcoming. To meet the emergency the lighting 
rates have been advanced on a sliding scale on an average 
for residence and business lighting of 10 per cent. The mini- 
mum rate on residence lighting has been raised to $1 per 
month. No discounts will be allowed as heretofore on 
lighting and power bills. 


New Wisconsin Boiler Code—The Industrial Commission 
of Wisconsin has just issued the new Wisconsin boiler code 
to govern all steam boilers except those regularly inspected 
by the Federal Government, steam fire engines, those used ex- 
clusively for agricultural purposes, all of less than 10 hp.. 
and those on which pressure does not exceed 15 lb. per sq.in. 
The code was recommended by a special committee consist- 
ing of Theodore O. Vilter, Milwaukee; H. F. Bowie, inspector, 
Hartford Steam Boiler Inspection and Insurance Co.; W. D. 
Johnson, secretary, Milwaukee Boiler Co., Milwaukee; R. 
Kunz, chief examiner, Milwaukee Board of Stationary Enzi- 
neers Examiners, and H. E. Pressinger, deputy Industrial Com- 
mission of Wisconsin. 


Philadelphia Rate Case Compromised—The case of the City 
of Philadelphia vs. the Philadelphia Electric Co. before the 
State Utilities Commission of Pennsylvania has been settled 
by an agreement between the city and the company, whereby 
a reduction of $1,250,000 per year is to be applied by the 
State Utilities Commission to the electric rates, reducing the 
rates for residence and commercial lighting to an amount 
that will represent a reduction in revenue, as stated. This 
settlement gives the city three-quarters of what it contended 
for and came about by way of a proposition from the elec- 
tric company to compromise the case without waiting for a 
decision from the commission. This is a decided victory for 
Morris Llewellyn Cooke, under whose administration, as Di- 
rector of Public Works, the application was filed, and for F. 
W. Ballard, under whose administration the municipal sta- 
tion at Cleveland was successfully inaugurated, and who was 
active in preparing the city’s side of the case cited. 


The Purchase of Coal by the Government under stringent 
contracts that specify the heating value, the ash and the 
moisture content, and other factors, first used in 1906, has 
now been adopted by all departments of the Government, and 
is applied to almost all contracts. The aggregate cost of fuel 
so purchased is approximately $4,800,000 per annum. During 
the last fiscal year, 7,527 samples of coal were analyzed by the 
Bureau of Mines to ascertain whether the deliveries conform 
to the contract stipulations. In each contract a bidder guar- 
antees the quality of the coal he offers, and the quality so 
guaranteed becomes the standard of his contract. If the coal 
delivered is not up to the standard, the price paid is propor- 
tionately decreased: if it is of higher quality, the price is 
proportionately increased. Some of the states, larger cities and 
a large number of corporations have followed the Govern- 
ment’s plan for the purchase of coal. 


